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FOREWORD 
The r e p o r t  summarizes the  r e s u l t s  o f  t h e  work performed 
by CHEMTRIC Incorporated under Contract  NAS 9-12104 f o r  t h e  
development of a  b a c t e r i c i d e  agent/system concept capable  of  
being used i n  the  Space S h u t t l e  Potab le  Water System. This  
program was sponsored by and performed f o r  t h e  Crew Systems 
Div is ion  of the  NASA MSC. Mr. A. F. Behrend (EC39) was t h e  
des igna ted  Technical  Monitor. 
The work repor t ed  he re in  was s t a r t y d  i n  June 1971 and 
completed i n  December 1971. Chief .program personnel  were 
Thomas L .  Hurley ( P r o j e c t  Biochemist) and Robert A. Bambenek 
(Program Manager). Other personnel  t h a t  made s u b s t a n t i a l  con- 
t r i b u t i o n s  t o  t h i s  program a r e :  P h i l l i p  P .  ~ u c c i o  (Design 
Supervisor) , Mahendrasinh D. Ran8 (T?esign Engineer) and Bd- 
ward T. Allen (Technician) .  h,. C h i r l e s  Verostko of t h e  NASA 
MSC provided inva luable  a s s i s t a n c e  by coord ina t ing  and super -  
v i s i n g  w e l l  over 1000 i n d i v i d u a l  water  ana lyses .  
ABSTRACT 
Th i s  r e p o r t  summarizes t h e  r e s u l t s  o f  t h e  work performed 
under Cont rac t  NAS 9-12104 f o r  t h e  development and e v a l u a t i o n  
o f  a  b a c t e r i c i d e  agent /sys tem concept  capab le  o f  be ing  used 
i n  t h e  Space S h u t t l e  p o t a b l e  wa te r  system. The concept  selec- 
t e d  f o r  e v a l u a t i o n  "doses" f u e l  c e l l  w a t e r  w i t h  s i l v e r  i o n s  
b e f o r e  t h e  wa te r  i s  s t o r e d  and used ,  by p a s s i n g  t h i s  w a t e r  
through columns packed w i t h  s i l v e r  c h l o r i d e  and s i l v e r  bromide 
p a r t i c l e s ,  r e s p e c t i v e l y .  
Four s imu la t ed  Space S h u t t l e  p o t a b l e  wa te r  sys tem t e s t s ,  
each of seven days d u r a t i o n ,  were performed t o  demonst ra te  
t h a t  t h i s  concept  i s  capable  of  d e l i v e r i n g  s t e r i l e  w a t e r  - 
even though 3 + 1 x 109 Type I I I a  o r  Pseudomonas ae rug inosa  
b a c t e r i a ,  two Types which have been found i n  t h e  Apol lo  p o t -  
a b l e  w a t e r  sys tem,  a r e  purpose ly  i n j e c t e d  i n t o  t h e  system each 
day. Th is  r e s u l t ,  coupled w i t h  t h e  f a c t  t h a t  s i l v e r  i o n s  do 
n o t  have t o  be p e r i o d i c a l l y  added t o  t h e  s t o r e d  w a t e r ,  i n d i -  
c a t e s  t h a t  t h i s  concept  i s  s u p e r i o r  t o  t h e  c h l o r i n e  and i o d i n e  
t echn iques  used on Apollo.  These tes ts  a l s o  demonst ra ted  t h a t  
i f  t h e  Space S h u t t l e  p o t a b l e  w a t e r  system is  c o n s t r u c t e d  from 
s t a i n l e s s  s t e e l ,  t h e  system w i l l  have a  u s e f u l  l i f e  s u b s t a n -  
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t i a l l y  l o n g e r  than f i v e  7-day mi s s ions .  
. ' 5 1.2 ) 
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:.I.-.. . : ' . ; . :-+ . -.- - A f i f t h  s i m u l a t e d  miss ion t e s t ,  l a s t i n g  10-day;, was performed t o  determine  i f  t h e  s i l v e r - i o n  concept  can e f f e c t -  
i v e l y  k i l l  B a c i l l u s  s u b t i l i s  s p o r e s .  I t  was found t h a t  by 
h e a t i n g  the s i l v e r  chloride column t o  about l2OoF as the  spore-  
. . l aden  wa te r  passed  th ,ough t h e  column r e s u l t e d  i n  a  d e a t h  ra te  
, , -. - . y . F g r e a t e r  than a  4 - log  change i n  c o n c e n t r a t i o n  p e r  day. 
Th is  work a l s o  demonstrated t h a t  i f  t h e  Space S h u t t l e  
f u e l  c e l l  wa te r  c o n t a i n s  a p p r e c i a b l e  q u a n t i t i e s  of  contamin- 
a n t s  such a s  e t h y l e n e  g l y c o l  and h y d r o f l u o r i c  a c i d ,  t h e  Water 
T r e a t m e ~ t  System w i l l  have t o  c o n t a i n  s o r b e n t s  o t h e r  t han  a c -  
t i v a t e d  carbon,  and weak-base ion-exchange r e s i n s .  Some new 
des ign  requ i rements  f o r  t h e  Space S h u t t l e  p o t a b l e  water sys tem 
were a l s o  determined from t h e  r ~ e s u l t s  o f  t h e s e  tests .  
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SECTION 1 
1.1 Background 
INTRODUCTION 6 SUMMARY - 
The Space S h u t t l e  v e h i c l e  i s  t o  use  hydrogen-oxygen f u e l  
c e l l s  t o  g e n e r a t e  e l e c t r i c  power, and wate r  f o r  consumption and 
p e r s o n a l  hygiene .  In  g e n e r a l ,  f u e l  c e l l  wa te r  i s  r e l a t i v e l y  
pure  because i t  i s  s y n t h e s i z e d  from hydrogen and oxygen and 
has undergone a phase change from an a l k a l i n e  e l e c t r o l y t e .  How- 
e v e r ,  the  exper ience  gained from P r o j e c t  Gemini and P r o j e c t  
Apollo i n d i c a t e s  t h a t  f u e l  c e l l  wa te r  can c o n t a i n  ( I )  t r a c e  con- 
taminants  which a f f e c t  i t ' s  t a s t e  acd odor ,  and ( 2 )  m i c r o b i a l  
contaminants .  In  a d d i t i o n ,  even p r e s t e r i l i z e d  wa te r  s t o r e d  on- 
board a  s p a c e c r a f t  i s  e a s i l y  contaminated v i a  t h e  crew u s e  
p o i n t s  u n l e s s  t h e  wa te r  c o n t a i n s  a r e s i d u a l  b a c t e r i c i d e  o r  i s  
s t o r e d  a t  an e l e v a t e d  t empera ture .  Consequently,  t h e  Space 
S h u t t l e  v e h i c l e  should  be p rov ided  wi th  a  w a t e r  t r e a t m e n t  system 
which a s s u r e s  t h e  a v a i l a b i l i t y  of f u e l  c e l l  wa te r  which i s  s t e r -  
i l e ,  p o t a b l e  and a c c e p t a b l e  t o  t h e  crew. 
The Gemini f u e l  c e l l  wa te r  was not. consumed by t h e  crew 
because it h a d . a  low pH, poor t a s t e  and poor c o l o r .  F u r t h e r -  
more, l i m i t a t i o n s  p reven ted  t h e  development o f  a  s u i t a b l e  
t r ea tmen t  system. I n s t e a d ,  t he  crew consumed p o t a b l e  w a t e r  
. s t o r e d  i n  b l a d d e r - t y p e  t anks  which were a l s o ' u s e d  t o  accumulate  
t he  f u e l  c e l l  wa te r .  The Apollo 11 and l a t e r  crews have a l l  
been s u p p l i e d  wi th  w a t e r  o b t a i n e d  from f u e l  c e l l s ,  l o c a t e d  i n  
the  Se rv i ce  Module, whi le  crew occupied t h e  Command Module. 
However, a d i f f e r e n t  type  of f u e l  c e l l  was s e l e c t e d ,  and t h e  
wate r  was dosed wi th  sodium h y p o c h l o r i t e  ( c h l o r i n e )  and sodium 
dihydrogen phosphate ( b u f f e r )  t o  avo id  t h e  problems encounte red  
wi th  t h e  Gemini f u e l  c e l l  wa te r . *  2 
Corros ion,  poor t a s t e  and f r e e  gas  problems have been en-  
counte red  wi th  t h e  Apol lo  f u e l  c e l l  water .**  The c h l o r i n e ,  
which i s  added t o  a s s u r e  s t e r i l i t y ,  a c c e l e r a t e s  c o r r o s i o n .  I n  
a d d i t i o n ,  c h l o r i n e  must be added once every  day d u r i n g  t h e  m i s -  
s i o n  because the  c h l o r i n e  r e a c t s  w i th  t r a c e  contaminants  and 
t h e  c o n s t r u c t i o n  m a t e r i a l s .  A "ch lor ine"  t a s t e  has  been n o t e d  
whenever t h e  crew f a i l e d  t o  fo l l ow p r e c i s e  dos ing  p r o c e d u r e s ;  
i n  a d d i t i o n ,  a  "n icke l"  t a s t e ,  which i s  a t t r i b u t e d  t o  a c c e l e r -  
a t e d  c o r r o s i o n  of  s t a i n l e s s  s t e e l  i n  t h e  w a t e r  h e a t e r ,  ha s  been 
p r e s e n t .  
" P r i v a t e  communication w i t h  pe r sonne l  a t  t h e  NASA MSC. 
@*Samonski, );. H.  and Tucker ,  E .  M . ,  "Apollo Exper ience  Report  
- Command and S e r v i c e  Module Environmental Cont ro l  System", 
NASA TN D-6718, March 1972 
The Apollo Lunar Module crews have a l l  consumed s t o r e d  
wate r  dosed w i t h  i o d i n e .  I n i t i a l l y ,  sodium h y p o c h l o r i t e  was 
t r i e d ,  bu t  abandoned when i t  was found t h a t  c h l o r i n e  hydra t e  
accumulated on the  sub l ima to r s  which a l s o  use  t h e  s t o r e d  wa te r?  
I t  was a l s o  d i scove red  t.hat i o d i n e  d i f f u s e s  through t h e  s i l i -  
cone-rubber  b l a d d e r s  i n  t h e  t anks  and r e a c t s  w i t h  t h e  anodized 
aluminum tank w a l l .  F o r t u n a t e l y ,  t h e  i o d i n e  d e p l e t i o n  and c o r -  
r o s i o n  r a t e s  a r e  s low,  s o  t h a t  i n - f l i g h t  maintenance and f a i l -  
u r e s  can be avoided by n o t  exposing t h e  t anks  t o  i o d i n e  u n t i l  
j u s t  be fo re  t h e  v e h i c l e  i s  launched.  
A l l  o f  t h e  wa te r  management problems encounte red  by Pro-  
j e c t  Gemini and P r o j e c t  Apollo i n d i c a t e  t h a t  a  more d u r a b l e  
system should  be p rov ided  f o r  f u t u r e  s p a c e c r a f t  - and e s p e c i a l -  
l y  f o r  t h e  r : u s a b l e  Space S h u t t l e .  Also ,  a  r e s i d u a l  b a c t e r i -  
c i d e ,  which can be p a s s i v e l y  added t o  t h e  f u e l  c e l l  w a t e r  a s  
t h e  w a t e r  i s  produced,  should  be used i n s t e a d  o f  c h l o r i n e  o r  
i o d i n e .  In  a d d i t i o n ,  t h e  wa te r  q u a l i t y  should  be improved t o  
avo id  any noxious t a s t e s  and/or  odors  which can be  i n t r o d u c e d  
by t h e  f u e l  c e l l  m a t e r i a l s  - e s p e ~ i a l l y  when t h e  f u e l  c e l l s  are 
ope ra t ed  a t  any o f f - d e s i g n  c o n d i t i o n s ,  
. 
P r i o r  t o  t he  r e c e i p t  o f  Con t r ac t  NAS 9.-12104, CHEMTRIC 
had e v a l u a t e d  t h e  use  of s i l v e r  i o n s  f o r  s t e ' r i l i z i n g  w a t e r  
d i s t i l l e d  from u r i n e ,  t r e a t e d  f l u s h  wa te r  and c o n c e n t r a t e d  
wash water ."" ,  ***  I n  a l l  c a s e s ,  condensate  passed  through a  
column c o n t a i n i n g  s i l v e r  c h l o r i d e  p a r t i c l e s  was found t o  be  
s t e r i l e ,  f o r  months - even though t h e  condensate  c o n t a i n e d  some 
o r g a n i c  contaminants  and i t  was exposed t o  t h e  l a b o r a t o r y  a t -  
mosphere. In  a d d i t i o n ,  no c o r r o s i o n  problems were observed i n  
s t a i n l e s s  s t e e l  hardware which had been exposed t o  s i l v e r - s a t -  
u r a t e d  wa te r  f o r  up t o  f o u r  y e a r s .  Thus, s i l v e r  i o n s  weICe se- 
l e c t e d  a s  t he  r e s i d u a l  b a c t e r i c i d e  t o  be e v a l u a t e d  under  t h i s  
program f o r  use  i n  t h e  Space S h u t t l e  Water Treatment  Systen,:. 
"G i l l en ,  R .  J . ,  Brady, J .  C .  and C o l l i e r ,  F., "Apollo Exper-  
i e n c e  Report  - Lunar Module Environmental Con t ro l  Subsystem", 
NASA TN D-6724, March 1972. 
**Nuccio, P. P .  e t a  a l . ,  "Refurbishment and T e s t i n g  of  t h e  I n -  
t e g r a t e d  Waste Management Sys tern", M G L O  Report  3080, Chicago 
I l l i n o i s ,  October  1969. 
***Bambenek, R .  A . ,  e t .  a l . ,  "Upgrading and Extended T e s t i n g  of  
t h e  MSC I n t e g r a t e d  Water and Waste Hardware", CHEMTRIC r e p o r t  
3084, Rosemont, I l l i n o i s ,  May 1972. 
1. 2 -. Objec t ives  
The d e t a i l  o b j e c t i v e s  of  t h i s  program a r e  d e l i n e a t e d  by 
t1.e fo l lowing Task D e s c r i p t i o n s ,  a s  d e f i n e d  i n  S e c t i o n  3.2 o f  
t he  Sta tement  of  Work f o r  Con t r ac t  NAS 9-12104. 
Pa r  3 .2 .1  B a c t e r i c i d e  Agent S e l e c t i o n  
Many b a c t e r i c i d e  a g e n t s  have been u t i l i z e d  i n  t h e  
r a s t ;  i n c l u d i n g  ,alogen base  chemica l s ,  s i l v e r  
i o n s ,  h e n t ,  u l t r a v i o l e t  r a d i a t i o n  and ozone. No 
r e s t r i c t i o n s  a r e  being p l aced  upon t h e  t ype  o f  bac-  
t e r i c i d e  agen t  s e l e c t e d  a s  long a s  i t  meets t h e  f o l -  
lowing c r i t e r i a :  
a .  I t  w i l l  k i l l  o r  p o s i t i v e l y  e n t r a p  b a c t s r i a  o f  
t h e  t ypes  normally encounte re6  i n  s p a c e c r a f t  
wa te r  systems.  
I 
b e  I t  m u s t  n o t  be harmful  t o  t h e  human body i n  
c o n c e n t r a t i o n s  r e q u i r e d  t o  i n s u r e  100% k i l l  
of b a c t e r i a .  
c .  I t  can be used i n  a  mamer  c o n s i s t e n t  w i t h  t h e  
f l i g h t  s a f e t y  requ i rements  an4 miss ion  o b j e c -  
t i v e s  o f  t h e  Space S h u t t l e  System, 
d .  I t  w i l l  n o t  a f f e c t  o r  degrade  t h e  o p e r a t i o n  o f  
any o t h e r  s p a c e c r a f t  system (EMI, fumes, e t c . ) .  
Par 3 ,2 .2  M a t e r i a l s  Compa t ib i l i t y  
Since  t h e  u l t i m a t e  o b j e c t i v e  o f , t h i s  e f f o r t  i s  t o  
p rov ide  t h e  S h u t t l e  c o n t r a c t o r  w i t h  des ign  d a t a  
r e q u i r e d  t o  develop a  t o t a l  s p a c e c r a f t  wa te r  s y s -  
tem, i t  i s  impera t ive  t h a t  t h e  t o t a l  s f f e c t  o f  t h e  
b a c t e r i c i d e  agent /sys tem be  known. A s t u d y  t o  de -  
t e rmine  the  sys tem's  m a t e r i a l s  c o m p a t i b i l i t y  must 
i n c l u d e  a t  l e a s t  t he  fo l lowing :  
a .  S e l e c t  an a c c e p t a b l e  f l u s h i n g  f l u i d  and d ry ing  
gas  t h a t  a r e  compat ib le  w i th  t he  b a c t e r i c i d e  
agent /sys tem.  Define which me ta l s  and non- 
me ta i r  a r e  compat ib le  w i th  t h e  agen t / sys tem 
and which a r e  n o t ,  and perform neces sa ry  tes ts  
t o  v e r i f y  t h e s e  s e l e c t i o n s .  
b. Determine t h e  e x t e n t / s e v e r i t y  o f  adve r se  reac- 
t i o n s  t o  any m a t e r i a l  w i t h  which t h e  b a c t e r i -  
c i d e  agen t  could  conce ivab ly  come i n  c o n t a c t ,  
p a r t i c u l a r l y  concerning i t s  t o x i c i t y ,  flamma- 
b i l i t y  and c o r r o s i v e n e s s .  
c .  Determine any unique e f f e c t s  t h e  b a c t e r i c i d e  
agent /sys tem may have on any c a n d i d a t e  m a t e r i a l  
such a s  p e r m e a b i l i t y ,  g a l v a n i c  r e a c t i o n s ,  c r e v -  
i c e  c o r r o s i o n ,  e tc .  This  should  i n c l u d e  any 
temperature  and f low r a t e  effects.  
p a r  3.2.3 Breadboard T e s t i n g  
A breadbcsrd  u n i t  s h a l l  be assembled t o  demons t ra te  
t h a t  t h e  concept  s e l e c t e d  performs a s  expec ted .  The 
u n i t  w i l l  be r i g o r o u s l y  t e s t e d  t o  de te rmine  i t s  p e r -  
formance c a p a b i l i t y .  T e s t i n g  w i l l  i n c l u d e  extended 
.xposure t o  pure  wa te r ,  contaminated  water, water 
s y s  tem m a t e r i a l s ,  proposed f l u s h i n g  agen t  (s) and 
s i m i l a r  key paramete rs  . 
S i m i l a r l y ,  the  Design Cons ide ra t i ons  are d e f i n e d  a s  fo l l ows .  
Pa r  3.3.1 Conf igura t ion  
The c o n f i g u r a t i o n  of  t h e  b a c t e r i c i d e  agen t / sys tem 
should  be such t h a t  t h e  fo l lowing  Space S h u t t l e  
c o n s t r a i n t s  a r e  taken i n t o  account  : 
a.  Low weight  and volume 
b .  Minimal power requ i rements  
c .  Ease i n  m a i n t e n a x e  
d. High r e u s a b i l i t y  ra te  (i .e . ,  long l i f e  t ime) 
e .  Low c o s t  (Both i n i t i a l  and o p e r a t i o n a l  c o s t s )  
f .  Zero G and - + 6 G (Any d i r e c t i o n )  a p p l i c a t i o n  
The system c o n f i g u r a t i o n  a l s o  should  h e  such t h a t  it 
complies w i t h  t h e  p r e s e n t  S h u t t l e  p o t a b l e  water s y s -  
tem concept .  
Par  3.3.2 m l i c a t i o n  Techniques 
During Space S h u t t l e  f l i g h t s ,  the b a c t e r i c i d e  agen t  
must  be a p p l i e d / u t i l i z e d  i n  a  f u l l y  au toma t i c  manner 
r e q u i r i n g  no f l i g h t - c r e w  p a r t i c i p a t i o n  i n  e i t h e r  
normal o r  o f f - d  - i g n  o p e r a t i o n .  The f l i g h t  u n i t  
must f a i l  o p e r a t i o n a l  - f a i l  s a f e .  In  a d d i t i o n ,  no 
v i a b l e  organisms from t h e  water system must be p r e s -  
e n t  when sampled a t  t h e  crew/passenger  u se  p o i n t .  
These ob je  - t i v e s  shou ld  be kep t  i n  mind d u r i n g  t h e  
t a s k s  o u t l i n e d  i n  t h i s  Sta tement  o f  Work. 
Par  3 .3 .3  Lvstem S p e c i f i c a t i o n s  
The Space S h u t t l e  wa te r  system has  c h a r a c t e r i s t i c s  
a s  fo l l ows :  
Water Supply From Fue l  Cells  
Supply Flow Rate 8.7 l b / h r .  (max)@lOKW 
Fuel  C e l l  E x i t  Temp. 150 t o  175 OF 
Sys tem Pres su re  15 t o  60 PSIA 
Known Contaminants 6.5 t o  7.5 pH 
Water De l ive ry  F lowra te  Up t o  60 l b / h r  
Wate- Del ivery  Temp. 
Hot 150 t o  160 O F  
Cold 40 t o  60 OF 
Water De l ive ry  P r e s s u r e  30 PSID @SO l b / h r  
F i n a l l y ,  a f t e r  r e c e i p t  of  t h e  c o n t r a c t ,  i t  was dec ided  
t h a t  t h e  breadboard system should  be d e s i g n e d l o  p r o v i d e  63 
l i t e r .  (138.6 l b s )  o f  p o t a b l e  wa te r  each  day f o r  seven days - 
when t r e a t i n g  f u e l  c e l l  wa te r  which has  t h e  composi t ion  and 
c h a r a c t e r i s t i c s  d e f i n e d  i n  Appendix A .  T h i s ' " w o r s t  case"  
wa te r  was s e l e c t e d  because t h e  e x a c t  p r o p e r t i e s  of  t h e  Spare 
S h u t t l e  f u e l  c e l l  wa te r  w i l l  n o t  be known u n t i l  t h e  f i r s t  f l i g h t  
i s  completed - and becauss  i t  i s  l e s s  c o s t l y  t o  f l y  an overde-  
s igned  system than  one which j e o p a r d i z e s  crew s a f e t y .  I n  a d d i -  
t i o n ,  i t  was agreed  t h a t  (1) t h e  wa te r  t r e a t m e n t  system w i l l  be 
l o c a t e d  a  s u f f i c i e n t  d i s t a n c e  away from t h e  f u e l  c e l l s  s o  t h a t  
t h e  wa te r  w i l l  be a t  c ab in  t empera ture  when t r e a t e d ,  and ( 2 )  t o  
ach ieve  t h e  d e s i r e d  t o t a l  f low,  t h e  peak i n p u t  r a t e  of  8 . 7  l b / h r  
would e x i s t  f o r  8 hours  wh i l e  t he  i n p u t  r a t e ' d u r i n g  t h e  o t h e r  16  
hours  o f  each day would be 4.35 l b / h r .  S ince  " rea l " ,  w o r s t - c a s e ,  
f u e l  c e l l  wa te r  cou ld  n o t  be ob t a ined  f o r  t h i s  program, i t  was 
a l s o  agreed t h a t  s imu la t ed  f u e l  c e l l  wa te r  would b e  used  f o r  t h e  
breadboard t e s t s .  
1 . 3  Accomplishments 
The breadboard  system assembled under  Con t r ac t  NAS 9-12104, 
t o  e v a l u a t e  t h e  use o f  s i l v e r  i o n s  i n  t h e  Space S h u t t l e  p o t a b l e  
wate r  system, i s  d e s c r i b e d  i n  F igu re s  2 and 3 on pages 2-17 and 
2-19, r e s p e c t i v e l y .  A s  shown i n  t h e s e  f i g u r e s ,  t h e  sys tem i n -  
c ludes  (1) a b i o l o g i c a l  f i l t e r  f o r  removing p a r t i c u l a t e s ,  (2) 
an a c t i v a t e d  carbon f i l t e r  f o r  adsorb ing  o r g a n i c  con taminan ts ,  
(3) a  c a n i s t e r  of s i l v e r  c h l o r i d e  p a r t i c l e s  f o r  dos ing  t h e  w a t e r  
t o  be s t o r e d  wi th  s i l v e r  i o n s ,  ( 4 )  wate r  s t o r a g e  and m a t e r i a l  
immersion t a n k s ,  ( 5 )  a  d e i o n i z e r  f o r  removing s i l v e r  i o n s  and i n -  
o r g a n i c  contaminants ,  and (6)  a  c a n i s t e r  of  s i l v e r  bromide p a r -  
t i c l e s  f o r  dos ing t h e  p roduc t  wa te r  w i t h  a smaller q u a n t i t y  o f  
s i l v e r  i o n s .  Support  equipment i nc luded  (1)  ho ld ing  t a n k s  f o r  
s imula ted  f u e l  c e l l  water and produc t  water, ( 2 )  a f e e d  pump, 
and (3) misce l laneous  items such as valves,  gages  and septums. 
The s imu la t ed  miss lon t e s t s  performed w i t h  t h e  breadboard  
system i n d i c a t e  t h a t  t h e  s i l v e r  i o n s  concept  i s  capab le  o f  be- 
i n g  used i n  t h e  Space S h u t t l e  p o t a b l e  w a t e r  system. The s p e -  
c i f i c  acconplishments  made a r e  l i s t e d  a s  fo l l ows  - acco rd ing  
t o  p o t e n t i a l  problem a r e a s ,  t o  j u s t i f y  t h e  recommendations 
l i s t e d  i n  Sec t ion  1 . 4 .  The pages l i s t e d  i n  p a r a n t h e s i s  i n d i -  
c a t e  t h e  l o c a t i o n  of  d e t a i l e d  i n fo rma t ion .  
The work performed on wa te r  s t e r i l i y  demonst ra ted  
t h a t :  
A. S i l v e r  i o n s ,  which a r e  p a s s i v e l y  added t o  s i m u l a t e d  f u e l  
c e l l  w a t e r ,  a r e  capab le  of  ma in t a in ing  a  breadboard  w a t e r  
system s t e r i l e  f o r  seven days - even though 3  + 1 x 109 
Type I I I a  o r  Pseudomonas a e r u  i n o s a  b a c t e r i a ,  A i c h  have 
T-%XE wate r  sys tem,  a r e  i n -  been p rev ious fy  iound i n  t e 
j e c t e h  i n t o  thk  system each  day a t  l o c a t i o n i  where s i l v e r  
ions  a r e  p r e s e n t  (pp 4 - 1  t o  4 -7 ) .  
B. S i l v e r  i ons  a r e  e f f e c t i v e  i n  k i l l i n g  Type I I I a  and P. 
ae rug inosa  b a c t e r i a  i f  t h e  gas used t o  p r e s s u r i z e  tEe 
wa te r  sysfem is  e i t h e r  oxygen o r  n i t r o g e n  (pp 4 - 1  t o  4 -7 ) .  
1 . 3 . 1  Water S t e r i l i t y  
I f  0.04 t o  0 . 1 2  ppm of  s i l v e r  i o n s  a r e  p r e s e n t  i n  t h e  w a t e r  
system, Type I I I a  and P .  a e r u  i n o s a  b a c t e r i a  w i l l  ex  e r -  P i e n c e  a  d e a t h  r a t e  g r e ~ t e h - l o g  change ( >  10 / m l  
t o  4 10-2/ml) i n  p e r i o d s  a s  c h o r t  a s  15  minutes  (?p 4 - 4  
and 4 - 7 ) .  
I f  3 + 1 x l o 9  Type I I I a  o r  P. ae rug inosa  b a c t ~ r i a  a r e  
i n j e c i e d  i n t o  s t a g n a n t  w a t e r a t  a l o c a t i o n  where s i l v e r  
i ons  have been removed from t h e  w a t e r ,  samples o f  t h i s  
wa te r  drawn 23 hours  l a t e r  through a  column c o n t a i n i n g  
s i l v e r  bromide p a r t i c l e s  w i l l  c o n t a i n  up t o  200 b a c t e r i a  
p e r  m i  (pp 4 - 1  and 4 -7 ) .  
Water drawn from an i n f r e q u e n t l y  u sed ,  remote o u t l e t  v a l v e  
i s  e a s i l y  contaminated by microbes from an e x t e r n a l  sou rce  
(pp 4 - 1  and 4 - 7 ) .  
The s imu la t ed  f u e l  c e l l  wa te r  has  a  n e g l i g i b l e  e f f e c t  on 
t h r e e  types  o f  microbes,  even though t h e  wa te r  c o n t a i n s  
l e a d ,  copper ,  chromate and o r g a n i c s  (pp 4-4 and 4 - 9 ) .  
A b i o l o g i c a i  f i l t e r  c o n t a i n i n g  s i l v e r  c h l o r i d e  p a r t i c l e s  
has  a  u s e f u l  l i f e  of  a t  l e a s  t e n  days when t h e  w a t e r  be ing  
- 
3 f i l t e r e d  c o n t a i n s  3 + 1 x 10 - B a c i l l u s  s u b t i l i s  s p o r e s  p e r  
m l  (p  4-10) .  
H. S i l v e r  ion  c o n c e n t r a t i o n s  rang ing  from 0.04 t o  0.12 ppm 
a r e  n o t  capable  of  k i l l i n g  - B. s u b t i l i s  s p o r e s  (p  4 - 8 ) .  
I .  A s i l v e r  i o n  c o n c e n t r a t i o n  of  1 . 2 1  ppm and a  t empera ture  
o f  118 - 1 2 ~ o F  a r e  r e q u i r e d  t o  ach ieve  a 4 - log  r e d u c t i o n  
of - B.  s u b t i l i s  s p o r e s  i n  2 1  hours  (p 4-10) .  
L x b e r i m e n t a l  e v a l u a t i o n s  o f  t h e  a c t i v a t e d  carbon 
f i l t e r  and dc i m i z e r ,  u s ing  s imu la t ed  "wors t - ca seVfue l  c e l l  
w a t e r ,  dei.ioi:s t r a t e d  t h a t :  
A.  The proddc t  wa te r  w i l l  c o n t a i n  an e x c e s s i v e  amount o f  o r -  
gan ic  carbon i f  t h e  f u e l  c e l l  wa te r  c o n t a i n s  an e x c e s s i v e  
amount of  e t h y l e n e  g l y c o l  because  a c t i v a t e d  carbon c a a x t  
e f f e c t i v e l y  adsorb  h i g h l y  s o l u b l e  contaminants  l i k e  e t h y l -  
ene g l y c f ~ l  (p 4-11) .  
B. Ac t iva t ed  carbon must be extens!. crely "washed" d u r i n g  p rep -  
a r a t i o n  t o  avo id  i n c r e a s i n g  t h e  a l k a l i n i t y  of t h e  f i l t e r e d  
wate r  (p-411) . 
C .  I f  t h e  f u e l  c e l l  wa te r  c o n t a i n s  c h l o r i d e s ,  t h e  amount o f  
s i l v e r  added t o  t h e  wate r  by s i l v e r  c h l o r i d e  o r  s i l v e r  
bromide p a r t i c l e s  i s  suppressed  by t h e  common-ion e f f e c t  
(pp 4-10 and 4-11) .  
D. I f  t h e  c o n c e n t r a t i o n  of  s i l v e r  i o n s  i s  suppressed  by t h e  
common-ion e f f e c t ,  t h e  d e s i r e d  l eve l  csn  be e a s i l y  ach ieved  
by r a i s i n g  t h e  temperature  o f  t h e  s i l v e r  s a l t  column (p 4 - 9 ) .  
E .  I f  t h e  d e i o n i z c r  r e s i n s  a r e  n o t  washed p r o p e r l y  b e f o r e  be ing  
i n s t a l l e d  i n  t h e  system, amines which evo lve  d u r i n g  t h e  p r e -  
s t e r i l i z a t i o n  p roces s  w i l l  cause  t h e  s i l v e r  bromide column 
t o  add an exces s ive  amount of  s i l v e r  t o  t h e  p roduc t  w a t e r  
(p 4 -12) .  
3. I £  weak-base r e s i n s  a r e  used i n  t h e  d e i o n i z e r ,  and t h e  f u e l  
c e l l  wa te r  c o n t a i n s  h y d r o f l u o r i c  a c i d ,  t h e  p roduc t  w a t e r  
w i l l  have an e x c e s s i v e  f l u o r i d e  c o n t e n t  and low pti (p 4 -11) .  
1 . 3 . 3  M a t e r i a l s  Compatibl i t y  
- --
C a ~ ~ d i d a t c  .netals  and e l a s t o m e r s  were soaked i n  f i l -  
t e r e d  s imu lan t  and p r e s s u r i z e d  by n i t r o g e n  and oxygen g a s ,  t o  
determine  by i n s p e c t i o n  and weight  change i f  t h e s e  m a t e r i a l s  a r e  
a f f e c t e d  by t h i s  exposure .  The custom-designed components were 
p r e s s u r e  t e s t e d  a f t e r  each s imu la t ed  miss ion t e s t  t o  demons t ra te  
t h a t  t h e i r  c o n s t r u c t i o n  m a t e r i a l s  a re  a c c e p t a b l e .  T h i s  work dem- 
ons t r a t e d  t h a t :  
A .  Type 410 s t a i n l e s s  s t e e l  (SS) expe r i ences  l e s s  weight  g a i n  
than Grade A - 5 5  t i t a n i u m  when soaked i n  f i l t e r e d  s imu lan t  
( p  4-14) .  
B .  'Both Type 410  SS and A - 5 5  t i t a n i u m  exper ience  less weight  
g a i n  when t h e  f i l t e r e d  s imu lan t  i s  p r e s s u r i z e d  by n i t r o -  
gen i n s t e a d  of oxygen (p  4-14) . 
C Pol 'yisoprene , s i l i c o n e  and EPT (E thy l  Propylene  Terpolymer) 
expe r i ence  l e s s  weight  change than  Buna-N, Buty l  and Vi ton 
when exposed t o  f i l t e r e d  s imu lan t  o r  de ion ized  w a t e r  (p 4-14) .' 
D . F i l t e r e d  s i m u l a n t ,  p r e s s u r i z e d  by n i t r o g e n  o r  oxygen, does 
n o t  have any s i g n i f i c a n t l y  l a r g e r  e f f e c t  on e l a s tomers  t han  . 
does de ion ized  wa te r  exposed t o  t h e  atmosphere (p 4 -14) .  
E .  The only  m a t e r i a l  found t o  be obv ious ly  unaccep tab l e  is a  
c a s t  aluminum a l l o y ,  which was used i n  f a b r i c a t i n g  p a r t  of 
a  f i l t e r  housing (p  4 -12 ) .  
F. Cas t ings  o f  Type 304 SS may be unaccep tab l e ,  because  p a r t s  
made from t h i s  m a t e r i a l  d i d  develop " r u s t "  s p o t s  (p 4-12) .  
1 .3 .4  Component Compa t ib i l i t y  
A l l  of  t he  components used i n  t h e  Breadboard System, 
excep t  a b i o l o g i c a l  f i l t e r ,  proved t o  be r e l i a b l e ,  have s u f f i c -  
i e n t l y  low r e s i s t a n c e  t o  f low, and have t h e  d e s i r e d  u s e f u l  l i f e .  
The small b i o l o g i c a l  f i l t e r  i n i t i a l l y  used had a p r e s s u r e  drop 
n e a r  2 0 0  mm Hg ( 3 . 9  p s i )  a f t e r  seven days o f  use  a t  t h e  f u e l  
c e l l  wa te r  flow a n t i c i p a t e d  f o r  t h e  Space S h u t t l e  ( 8 . 7  l b / h r ) .  
A l a r g e r  f i l t e r  had a  p r e s s u r e  drop of  on ly  60 mm Hg (1.2 p s i )  
a f t e r  t e n  days a t  t h e  sane  c o n d i t i o n s .  S ince  p a r t i c u l a t e s  were 
observed t o  have " s e t t l e d - o u t "  i n  bo th  f i l t e r  hous ings ,  l a r g e r  
p r e s s u r e  drops would have been e x p e r i e n c e d . i f  t h e  t e s t i n g  had 
been performed u - ~ d e r  w e i g h t l e s s  c o n d i t i o n s .  
1 . 4  Recommendations 
This  r e p o r t  shows t h a t  (1) s i l v e r  i ons  a r e  ext remely  e f f e c -  
t i v e  i n  k i l l i n g  two types  o f  b a c t e r i a  p r e v i o u s l y  found i n  t h e  
Apollo wate r  sys tems,  ( 2 )  s i l v e r  i ons  can be p a s s i v e l y  added t o  
w a t e r ,  ( 3 )  s t o r e d  w a t e r  does n o t  have t o  be p e r i o d i c a l l y  dosed 
wi th  s i l v e r  i o n s ,  and ( 4 )  t h e  use  of  s i l v e r  i o n s  and t h e  compon- 
e n t s  r e q u i r e d  do n o t  p r e s e n t  any c o r r o s i o n  problems w i t h  a u s t e n -  
i t i c  s t a i n l e s s  s t e e l .  Thus, t h e  b a c t e r i c i d e  concept  s e l e c t e d  
f o r  e v a l u a t i o n  du r ing  t h i s  program avo ids  t h e  s t e r i l i t y ,  mainten-  
ance and c o r r o s i o n  problems encounte red  w i t h  c h l o r i n e  and/or  i o -  
d i n e  i n  t he  Apollo P o t a b l e  Water System. I n  a d d i t i o n ,  t h i s  re-- 
p o r t  shows t h a t  m a r t e n s i t i c  s t a i n l e s s  s t ee l  and A - 5 5  t i t a n i u m ,  
which have more " s p e c i f i c  s t i f f n e s s "  than  a u s t e n i t i c  s t a i n l e s s  
s t e e l ,  would a l s o  be  a c c e p t a b l e  materials  f o r  c o n s t r u c t i n g  t h e  
Space S h u t t l e  P o t a b l e  Water System. Consequently,  i t  i s  recom- 
mended t h a t  t h e  NASA con t inue  t h e  development of  t h i s  concept  
f o r  t h e  Space S h u t t l e .  
The n e x t  l o g i c a l  s t e p  i n  t h e  development o f  t h i s  concept  
i s  t o  abandon t h e  Breadboard System - and d e s i g n ,  f a b r i c a t e  and 
e v a l u a t e  a  p r e l i m i n a r y  f  l i g h t - p r o t o t y p e  model of a  Water T r e a t  - 
ment System. This  s t e p  i s  s t r o n g l y  recommended because (1) 
the  Space S h u t t l e  Po tab l e  Water System must be r e u s a b l e ,  and ( 2 )  
t he  Space S h u t t l e  launch environment may have  an e f f e c t  upon t h e  
performance of t h e  g r a n u l a r  m a t e r i a l  r e q u i r e d  i n  t h e  r e s p e c t i v e  
c a n i s t e r s .  Thus, i f  a  p r e l imina ry  f l i g h t - p r o t o t y p e  model of  t h e  
Water Treatment System i s  c o n s t r u c t e d  i t  can be used t o  determ- 
i n e  the  e x a c t  procedure  r e q u i r e d  t o  " recharget '  t h e  c a n i s t e r s  be -  
tween each miss ion .  In  a d d i t i o n ,  i f  t h i s  model is  s u b j e c t e d  t o  
t he  v i b r a t i o n  environment a n t i c i p a t e d  f o r  t h e  Space S h u t t l e ,  sub -  
sequent  s imu la t ed  miss ion t e s t s  w i l l  i n d i c a t e  any d e g r a d a t i c n  i n  
performance due t o  g ranu le  a t t r i t i o n  and/or  r u p t u r e .  F o r t u n a t e l y ,  
the  a c t i v a t e d  carbon f i l t e r ,  s i l v e r  c h l o r i d e  column, d e i o n i z e r  
and s i l v e r  bromide column c a n i s t e r s  developed f o r  t h e  program r e -  
p o r t e d  h e r e i n  a r e  p r e l i m i n a r y  f l i g h t  p r o t o t y p e  des igns  - and can 
be used "as is"  i n  t h e  recommended model. Other  d e t a i l s  which 
should  be cons idered  i n  t h e  des ign  of  t h i s  model a r e :  
A *  The o u t l e t  of  t h e  d e i o n i z e r  should  be welded t o  t h e  i n l e t  
of  t h e  AgBr Column t o  p o s i t i v e l y  avo id  con tamina t ing  t h e  
r e l a t i v e l y  s i l v e r - f r e e  wa te r  between t h e s e  two components. 
B e  The c a p a b i l i t y  f o r  p e r i o d i c  h e a t i n g  of  t h e  water o u t l e t s  
shou ld  be provided t o  a s s i s t  low c o n c e n t r a t i o n s  o f  s i l v e r  
(-75 ppb) i n  k i l l i n g  s p o r e s ,  e s p e c i a l l y  i f  t h e  o u t l e t s  
a r e  remotely l o c a t e d  and i n f r e q u e n t l y  used.  
C.  I f  t h e  f u e l  c e l l  wa te r  c o n t a i n s  more than 0 . 1  ppm o f  c h l o r -  
i d e  i o n ,  and t h e  Water Treatment  System must be capab le  o f  
k i l l i n g  B .  sub t i l i s  s p o r e s ,  t h e  s i l v e r  c h l o r i d e  coiumn must 
be h e a t e a  - o r  p a r t  of t h e  a c t i v a t e d  carbon r e p l a c e d  by i o n -  
exchange r e s i n s .  
D. I f  t h e  Space S h u t t l e  f u e l  c e l l s  a r e  des igned  s o  t h a t  e t h y l -  
ene g l y c o l  o r  any o t h e r  h i g h l y  s o l u b l e  o r g a n i c s  can contam- 
i n a t e  t h e  p roduc t  w a t e r ,  p a r t  o r  a l l  of  t h e  a c t i v a t e d  carbon 
i n  t h e  Water Treatment  System w i l l  have t o  be r e p l a c e d  by 
a n o t h e r  adso rben t  such a s  a c t i v a t e d  alumina o r  s y n t h e t i c  
z e o l i t e s .  
E .  I f  t h e  Space S h u t t l e  f u e l  c e l l  w a t e r  c o n t a i n s  low a tomic  
weight  i n o r g a n i c s  such a s  h y d r o f l u o r i c  a c i d ,  t h e  d e i o n i z e r  
must c o n t a i n  s t r o n g - b a s e  r e s i n s  t o  a s s u r e  a p roduc t  w a t e r  
pH i n  t he  range of 6 t o  8. 
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F. A l a r g e  b i o l o g i c a l  f i l t e r  c a r t r i d g e  should  h e  p rov ided  t o  
avo id  exces s ive  r e s i s t a n c e  t o  f low,  and t h e  c a r t r i d g e  
housing should  n o t  i nc lude  any c a s t  s t a i n l e s s  s t e e l  p a r t s .  
Also ,  p r o v i s i o n s  should  be made f o r  by-pass ing  o r  back-  
f l u s h i n g  t h e  f i l t e r  i f  t h e  f u e l  c e l l  wa te r  c o n t a i n s  an 
a p p r e c i a b l e  q u a n t i t y  o f  p a r t i c u l a t e s .  
G .  To avoid  m a t e r i a l  f a i l u r e s  a l l  components c o n t a i n i n g  t h e  
fuel c e l l  wa te r  should  be c o n s t r u c t e d  from A.-55  t i t a n i u m ,  
Lartensitic s t a i n l e s s  s t e e l  o r  a u s t e n i t i c  s t , a i n l e s s  s t e e l .  
Elas tomers  such a s  po ly i sop rene ,  s i l i c o n e  and EPT a r e  p r e -  
f e r r e d  over  Buna-N, Butyl  ~ n d  Vi ton .  
F i n a l l y ,  t h e  recommended Water Treatment  Sys tern w i l l  p ro -  
v ide  ext remely  pure  wa te r  - which, of  cou r se ,  i s  e s s e n t i a l l y  
" t a s t e l e s s " .  To avoid  any i n - f l i g h t  a c c e p t a b i l i t y  problems t h e  
system should  a l s o  i n c l u d e  a t tmine ra l i ze r "  - t h a t  i s ,  a  device 
which doses  t h e  wa te r  w i t h  t h e  same types  o f  mine ra l s  foilnd i n  
domest ic  wate r  s u p p l i e s .  
SECTION 2 
BREADBOARD SYSTEM DEFINITION 
The j u s t i f i c a t i o n  and des ign  of t h e  breadboard  wa te r  
t r ea tmen t  system a r e  summariz'ed i n  t h e  fo l lowing  s u b s e c t i o n s .  
2 . 1  C o n c e ~ t  S e l e c t i o n  
A s  mentioned i n  S e c t i o n  1.1, t h e  b a c t e r i c i d e  proposed and 
approved f o r  e v a l u a t i o n  under t h i s  program was s i l v e r  i o n s  - 
which a r e  added t o  t he  f u e l  c e l l  wa te r  by p a s s i n g  i t  through a  
column c o n t a i n i n g  s i l v e r  c h l o r i d e  p a r t i c l e s .  S i l v e r  dos ing  h a s  
been used t o  c o n t r o l  b a c t e r i a  i n  aqueous systems s i n c e  l a t e  i n  
the  19 th  cen tu ry .  C l i v e r *  r e c e n t l y  demonst ra ted  t h a t  a  250 ppb 
dose of  s i l v e r  i o n s  i s  capab le  of  k i l l i n g  a l l  o f  t h e  m i c r o b i a l  
s p e c i e s  found s o  f a r  i n  s p a c e c r a f t  wa te r  systems - bu t  n o t  s p o r e s  
nor  a l l  v i r u s e s ;  he a l s o  demonst ra ted  t h a t  t h e  k i l l  r a t e  i s  a  
s t r o n g  f u n c t i o n  of  s i l v e r  i o n  c o n c e n t r a t i o n .  
The use o f  s i l v e r  c h l o r i d e  p a r t i c l e s  t o  idose w a t e r  w i t h  
s i l v e r  i ons  was developed by Melpar Inco rpo ra t ed  under  C o n t r a c t s  
NAS 9-3565 and NAS 9-5119 - and e v a l u a t e d  by CHEMTRIC pe r sonne l  
under Con t r ac t s  NAS 9-9014 and NAS 9-4191. An e l e c t r o l y t i c  de-  
v i c e  f o r  dos ing wa te r  w i t h  s i L v e r  i ons  was developed by t h e  
AiResearch Manufacturing Company under  Con t r ac t  NAS9-3541 - and 
used by C l i v e r  and Putnam.** S ince  a  column of  s i l v e r  c h l o r i d e  
p a r t i c l e s  i s  i n h e r e n t l y  more r e l i a b l e  than  an e l e c t r o l y t i c  gen- 
e r a t o r ,  and s i n c e  C l i v e r  and Putnam both  had problems w i t h  t h e  
AiResearch dev ice ,  t h e  s i l v e r  c h l o r i d e  approach was s e l e c t e d  f o r  
t h i s  program. 
When wa te r  i s  passed  through a  column of  s i l v e r  c h l o r i d e  
p a r t i c l e s ,  t h e  s i l v e r  c h l o r i d e  d i s s o l v e s  i n t o  t h e  w a t e r  a s  s i l v e r  
and c h l o r i d e  i o n s .  However, l i k e  common t a b l e  s a l t  (NaCl),  t h i s  
p roces s  con t inues  on ly  u n t i l  t h e  wa te r  i s  " s a t u r a t e d "  w i t h  s i l v e r  
and c h l o r i d e  i o n s .  I f  t h e r e  a r e  no o t h e r  i n t e r f e r r i n g  i o n s  p r e -  
s e n t ,  t h e  concer l t ra t ion  of t h e s e  i o n s  a t  s a t u r a t i o n  i s  d e f i n e d  
a s  : 
* C l i v e r ,  D.  0 .  e t .  a l . ,  "Bioc ida l  E f f e c t s  o f  S i l v e r " ,  F i n a l  
Report  o n ' c o n t r a c t  NAS 9-9300, U .  Wisconsin,  February 1971 
(N71-24436). 
* Putnam, D,  F. e t .  a l . ,  "Water Management R e s u l t s  f o r  a 90-  
day Space S t a t i o n  SimulatorI1,  ASME P u b l i c a t i o n  71-Av-6, 
Presen ted  a t  t h e  SAE/ASME/AIAA LS' and EC Conference i n  July 
1971. 
where C deno tes  ion  c o n c e n t r a t i o n  
K s ~  is  the  s o l u b i l i t y  p roduc t  c o n s t a n t  
Since  t h e  ion  c o n c e n t r a t i o n s  a r e  e q u a l ,  t h i s  e x p r e s s i o n  can a l s o  
be w r i t t e n  as: 
A t  2SoC the  r e p o r t e d  Ks  f o r  AgCl i n  wa te r  i s  1 .56 x 10 - I 0  gram 
molecular  concentration! p e r  l i t e r .  ( e . g . ,  s e e  page 1117 of  
t h e  t e n t h  e d i t i o n  of  t he  Handbook of  Chemistry by N .  A .  Lang).  
The re fo re ,  under  t h e s e  c o n d i t i o n s ,  t h e  c o n c e n t r a t i o n  o f  s i l v e r  
i o n s  should  be:  
Under Con t r ac t s  NAS 9-9014 and NAS 9-91'11, CHEMTRIC pe r sonne l  
demonstrated t h a t  t h i s  c o n c e n t r a t i o n  i s  e a s i l y  ach ieved  i n  p r a c -  
t i c e  - us ing  wate r  d i s t i l l e d  from p r e t r e a t e d  u r i n e  and u r i n a l  
f l u s h  wate r .  ' ~ h u s ,  t h e  AgCl column approach i s  capab le  o f  p r o -  
v id ing  l a r g e r  c o n c e n t r a t i o n s  o f  s i l v e r  i o n s  than  used  by C l i v e r  
t o  demonst ra te  t h a t  s i l v e r  i o n s  a r e  capab le  o f  k i l l i n g  t h e  t ypes  
o f  b a c t e r i a  found s o  f a r  i n  s p a c e c r a f t  wateq sys tems.  
One d i sadvan tage  of  t he  s i l v e r  c h l o r i d e  t echn ique  i s  t h e  
f a c t  t h a t  t he  r e s u l t a n t  dose l e v e l  exceeds t h e  maximum a l low-  
a b l e  c o n c e n t r a t i o n  f o r  s i l v e r  i n  p o t a b l e  w a t e r .  The,U. S.  Pub- 
l i c  Hea l th  Se rv i ce  and MSC Spec-C35 bo th  ag ree  t h a t  p o t a b l e  
wa te r  should  n o t  c o n t a i n  more than 50 ppb of  s i l v e r . '  Thus,  t h e  
Water Treatment System must a l s o  c o n t a i n  a  d e i o n i z e r  t o  remove 
t h e  excess  s i l v e r  b e f o r e  t h e  wa te r  i s  consumed. However, t h i s  
may n o t  be a  d i sadvan tage  i f  o t h e r  i n o r g a n i c  c o n s t i t u e n t s  must 
be removed t o  a s s u r e  t h e  a v a i l a b i l i t y  o f  p o t a b l e  - and a c c e p t a b l e  
wa te r .  
With a  d e i o n i z e r  i n  t h e  sys tem,  t h e  w a t e r  l o c a t e d  between 
the  d e i o n i z e r  and the  o u t l e t s  (use  p o i n t s )  i s  h i g h l y  s u s c e p t i b l e  
t o  b i o l o g i c a l  contaminat ion - because a  w e l l  des igned  d e i o n i z e r  
w i l l  have e s s e n t i a l l y  removed a l l  of  t h e  s i l v e r  i ons  from t h i s  
wa te r .  I n i t i a l l y  i t  was p lanned t o  "pro tec t1 '  t h i s  wa te r  by p e r -  
i o d i c a l l y  h e a t i n g  t h i s  s e c t i o n  o f  t h e  wa te r  system. However, 
s i n c e  t h e  e f f e c t  of  t ime and tempera ture  on m i c r o b i a l  p o p u l a t i o n  
i s  w e l l  known, i t  was f i n a l l y  dec ided  t o  a l s o  e v a l u a t e  t h e  use  
of  s i l v e r  i ons  i n  t h i s  p a r t  o f  t h e  system - b u t  a t  concen t r a -  
t i o n s  n e a r  t h e  a c c e p t a b l e  l i m i t  s p e c i f i e d  by t h e  U.  S. P u b l i c  
Hea l th  Se rv i ce  and MSC Spec-C35. 
The t e c h n i q u e  s e l e c t e d  f o r  d o s i n g  t h e  w a t e r  downstream o f  
t h e  d e i o n i z e r  w i t h  s i l v e r  i o n s  i s  "pass ing  t h e  w a t e r  t h r o u g h  a 
column packed w t t h  s i l v e r  bromide (AgEr) p a r t i c l e s " .  S i n c e  
s i l v e r  bromide A S  l ess  s o l u b l e  than  s i l v e r  c h l o r i d e  i n  water ,  
t h i s  t e c h n i q u e  s h o u l d  y i e l d  lower  c o n c e n t r a t i o n s  o f  s i l v e r  i o n s .  
The f o l l o w i n g  t a b l e  of p u b l i s h e d  d a t a *  shows t h a t  t h e  r e s u l t a n t  
s i l v e r  i o n  dose s h o u l d  be n e a r  50 ppb when t h e  water i s  a t  norm- 
a l  room t e m p e r a t u r e .  
T e m ~ e r a  t u r e  A n B r  C o n c e n t r a t i o n  AIE+ Dose 
0.042 ppm 
0.056 
0.078 
0 .103 
0.274 
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The "wors t - case"  f u e l  c e l l  w a t e r  d e f i n e d  i n  Appendix A 
c o n t a i n s  100 ppm of  t o t a l  o r g a n i c s  (TO). I f !  t h e s e  c o n t a m i n a n t s  
a r e  a l l  CH2 g r o u p s ,  t h e  most common group i n  o r g a n i c  m o l e c u l e s ,  
t h e  Chemical Oxygen Demand (COD) o f  t h i s  w a t e r  would be  340 ppm. 
However, e x p e r i e n c e  i n  a n a l y z i n g  r e c o v e r e d  w a t e r  i n d i c z t e s  t h a t  
a  TO o f  100 ppm c o r r e s p o n d s  t o  a  COD o f  a p p r o x i m a t e l y  250 ppm. 
I n  e i t h e r  c a s e ,  t h e  COD o f  t h e  f u e l  c e l l  w a t e r  is  s u b s t a n t i a l l y  
h i g h e r  t h a n  t h e  100 ppm l i m i t  e s t a b l i s h e d  by t h e  N a t i o n a l  Academy 
o f  S c i e n c e s  Ad Hoc Committee on Water Q u a l i t y ;  t h e r e f o r e ,  t h e  l o -  
c a t i o n  of  t h i s  f i l t e r  s h o u l d  be  ups t ream a f  t h e  s i l v e r  c h l o r i d e  
column - t o  minimize any e f f e c t s  o f  t h e  o r g a n i c s  on t h e  s o l u b i l -  
i t y  o f  s i l v e r  c h l o r i d e ,  and t o  a v o i d  s t o r i n g  water which c o n t a i n s  
a  s u b s t a n t i a l  amount o f  n u t r i e n t s  f o r  b a c t e r i a .  
P r e v i o u s  work** h a s  shown t h a t  a c t i v a t e d  c a r b o n  f i l t e r s  have  
a  u s e f u l  l i f e  o f  (1)  less  t h a n  3 days i f  t h e  i n p u t  i s  b i o l o g i c -  
a l l y  con tamina ted ,  (2)  a b o u t  t e c  days i f  t h e  i n p u t  i s  p a s s e d  
through a  b i o l o g i c a l  f i l t e r ,  and (3) more t h a n  30 days  i f  t h e  b i o -  
l o g i c a l  f i l t e r  c o n t a i n s  s i l v e r  c h l o r i d e  p a r t i c l e s .  S i n c e  t h e  
"wors t - case"  f u e l  c e l l  w a t e r  w i l l  b e  b i o l o g i c a l l y  contaminate. . ,  
and t h e  Space S h u t t l e  m i s s i o n  d u r a t i o n  w i l l  p r o b a b l v  be  a t  l e a s t  
seven  d a y s ,  i t  was d e c i d e d  t h a t  a  b i o l o g i c a l  f i l t e r  c o n t a i n i n g  
s i l v e r  c h l o r i d e  p a r t i c l e s  s h o u l d  be l o c a t e d  ups t ream o f  t h e  a c t i -  
v a t e d  ca rbon  f i l t e r .  I n  t h i s  l o c a t i o n ,  a b i o l o g i c a l  f i l t e r  a l s o  
serves t o  remove most o f  t h e  p a r t i c u l a t e s  assumed t o  b e  p r e s e n t  
i n  t h e  "wors t - case"  f u e l  c e l l  w a t e r .  
h Linke ,  W .  F.! SOLUBILITIES, Vol.  1, 4 t h  E d i t i o n ,  American 
Chemical S o c l e t y ,  Washington,  D. C.  195& 
* I b i d  Bambenek, R.  A . ,  e t ,  a l .  
In  summary, an a n a l y s i s  of t h e  requ i rements  f o r  t h e  Space 
S h u t t l e  wa te r  system and the  p o s s i b l e  contaminants  i n  t h e  f u e l  
c e l l  wa te r  i n d i c a t e d  t h a t  a  Water Treatment  System c o n t a i n i n g  
t h e  fo l lowing  components, i n  t he  o r d e r  l i s t e d ,  shou ld  be e v a l u -  
a t e d  du r ing  t h i s  program. 
A ,  B i o l o g i c a l  F i l t e r  ( c o n t a i n i n g  AgCl p a r t i c l e s )  
B .  Ac t iva t ed  Carbon F i l t e r  
C. S i l v e r  Chlor ide  Column 
I?. Water S torage  Tank(s) 
E .  De ion izer  
F .  S i l v e r  Bromide Column 
2 . 2  Component Design 
A l l  o f  t h e  aforementioned components, excep t  t \ e  b i o l o g i c -  . 
a 1  f i l t e r  and the  s t o r a g e  t a n k s ,  were custom-designed.  The f o l -  
lowing paragraphs  d e s c r i b e  t h e s e  d e s i g n s ,  ana t h e  c a l c u l a t i o n s  
performed t o  e s t i m a t e  t he  r e q u i r e d  s i z e  o f  each  c a n i s t e r  o r  c o l -  
umn. 
The custom-designed comgonents d i f f e r  from each o t h e r  on ly  
i n  s i z e  and c o n t e n t s .  The same c a n i s t e r  de s ign  was used f o r  
each component. F igure  1 c o n t a i n s  a  photograph of  t he  t h r e e  
d i f f e r e n t  s i z e s  o f  c a n i s t e r s ;  t h e  s i l v e r  c h l o r i d e  c a n l s t e r  
( i d e n t i c a l  t o  t he  s i l v e r  bromide c a n i s t e r )  i s  shown d i s a s s e x -  
b l e d  t o  r e v e a l  t h e  i n t e r n a l  p a r t s  arrangement .  
Each c a n i s t e r  c o n t a i n s  t h e  fo l lowing ,  i n  sequence from t h e  
o u t l e t  (back end) t o  t h e  i n l e t :  
A .  A p e r s o r a t e d  meta l  d i s c  welded t o  t h e  end cap which 
i n  t u r n  i s  welded t o  t h e  c y l i n d r i c q l  body. 
B .  Four d i s c s  of  1 0  mesh, 316 SS sc re6n  fo l lowed by a  
l a y e r  of pyrex wool 1 /8  t o  1 / 4  inches  t h i c k  and a  
s i n g l e  d i s c  o f  t he  same s c r e e n .  Th i s  combinat ion 
of  s r r e e n s  and pyrex wool r e t a i n s  t h e  p a r t i c u l a t e  
c o n t ~ ~ l t s  of t h e  c a f i i s t e r  and p rov ides  a  lower p r e s -  
s u r e  drop than pyrex no01 a lone .  
C .  The media ( c h a r c o a l ,  i o n  exchange r e s i n s ,  e t c . )  i s  
packed i n t o  t h e  c a n i s t e r  on top  o f  t h e  above i t ems .  
D. The i n l e t  p a r t i c l e  r e t a i n e r  i s  similar  t o  B above, 
b u t  t h e  o r d e r  i s  r eve r sed  - t h a t  i s ,  a  s c r e e n  d i s c  
i s  p l aced  on top  of t he  media fo l lowed by pyrex  wool 
and 4 s c r e e n  d i s c s .  

E .  A s t a i n l e s s  s t e e l ,  doughnut -shaped d i s c  backs  up t h e  
above items. The d i s c  p r o v i d e s  a n  "0" r i n g  s e s l  b e -  
tween t h e  d i s c  p e r i p h e r y  and t h e  c y l i n d e r  I D .  The 
c e n t e r  of  t h e  r i n g  i s  c o v e r e d  w i t h  a p e r f o r a t e d  m e t a l  
d i s c ,  t a c k  welded i n  p l a c e .  A r i d g e  a t  t h e  p e r i p h e r y  
o f  t h e  c e n t e r  h o l e  s e r v e s  t o  l o c a t e  t h e  media compres- 
s i o n  s p r i n g .  
F. A s p r i n g  f a b r i c a t e d  from 1 8 - 8  SS i s  t r a p p e d  between 
t h e  above d i s c  and t h e  removable end  c a p .  The s p r i n g  
p r o v i d e s  a compress ive  l o a d  on t h e  media t o  r e t a r d  
media p a r t i c l e  movement which c o u l d  r e s u l t  i n  p a r t i -  
c l e  d i s i n t e g r a t i o n  and /o r  c h a n n e l i n g .  
G .  The end  cap  p r o v i d e s  f o r  c e n t e r i n g  t h e  s p r i n g  and an  
"0" r i c g  s e a l  between t h e  end cap  and t h e  f l a n g e  weld-  
e d  t o  t h e  c a n i s t e r  body. The end  c i p  i s  h e l d  i n  p l a c e  
by a  "V" hand clamp. 
The d e s i g n  e f f o r t  on t h e  c a n i s t e r s  emphasized c o n t r q l  o f  
p o t e n t i a l  c o r r o s i o n  s i t e s .  Tubing n i p p l e s  welded from t h e  i n -  
s i d e  o f  t h e  end cap were used  t o  e l i m i n a t e  t h r e a d e d  c o n n e c t o r s  
- on t h e  c a n i s t e r  body. The f i x e d  end ca;, xiis b u t t  welded  a s  op-  
posed t o  a  l a p - t y p e  un ion .  The c a n i s t e r s  were h e a t  t r e a t e d  and 
Y 
annea led  t o  minimize t h e  p o t e n t i a l  f o r  i n t e r g r a n u l a r  c o r r o s i o n .  
. ?   . F i n a l l y ,  a l l  c a n i s t e r  p a r t s  were p a s s i v a t e d .  Subsequent  c l e a n -  i n g  and decon tamina t ion  p r o c e d u r e s  were e x e c u t e d ,  w i t h o u t  t h e  
u s e  o f  a b r a s i v e s ,  t o  p r e s e r v e  t h e  i n t e g r i t y  o f  t h e  p a s s i v a t e d  
surfaces. 
Although a  r e l i a b i l i t y  s t u d y  was - o t  pe r fo rmed ,  r e l a t e d  
CHEMTRIC e f f o r t s  on t h e  development o f  t h e  w a t e r  and  w a s t e  man- 
agement sys tem f o r  a n o d u l a r  Space S t a t i o n *  p r o v i d e d  d i r e c t i o n  
i n  t h e  s u b j e c t  d e s i g n  e f f o r t .  The f a i l u r e  modes o f  t h e  c a n i s -  
t e r s  a r e  (1 )  e x t e r n a l  l e a k a g e ,  ( 2 )  c h a n n e l i n g ,  and (3)  c l o g g i n g .  
The p r o b a b i l i t y  f o r  e x t e r n a l  l e a k a g e  i s  reduced  t h r o u g h  t h e  u s e  
of  welded c o n n e c t i o n s  and a  s i n g l e  removable s e a l  o f  t h e  "0" 
r i n g  v a r i e t y .  C o r r o s i o n  induced  l e a k a g e  i s  minimized t h r o u g h  
m a t e r i a l  s e l e c t i o n ,  e l i m i n a t i o n  of  c revices ,  h e a t  t r e a t m e n t  and  
p a s s i v a t i o n .  The media compression s p r i n g  r e t a r d s  bed  s h i f t i n g  
which czn promote c h a n n e l i n g  ; t h e  media r e s t r a i n t  a l s o  r e d u c e s  
t h e  p r o b a b i l i t y  o f  p a r t i c l e  d i s i n t e g r a t i o n  which i f  unchecked 
cou ld  l e a d  t o  o f f - q u a l i t y  w a t e r  and c l o g g i n g  o f  t h e  o u t l e t  med- 
i a  r e t a i n e r .  The combinat ion  o f  p e r f o r a t e d  metal d i s c s ,  s c r e e n s  
*Subcon t rac t  SS-863762-KO w i t h  t h e  Hamil ton S t a n d a r d  D i v i s i o n  
of t h e  U n i t e d  Aircraf t  Company, under  C o n t r a c t  NAS 9-10273. 
and pyrex wool as  media r e t a i n e r s  p r o v i d e s  a  "depth" type  f i l -  
t r a t i o n  c a p a b i l i t y ;  t h i s  arrangement i s  l e s s  prone t o  c l o g -  
g ing than  a  "membrane f i l t e r "  type  r e t a i n e r .  
A s a f e t y  hazards  a n a l y s i s  was n o t  conducted b u t  s a f e t y  
g o a l s  were cons idered  i n  t h e  des ign  a c t i v i t y .  In  r e g a r d  t o  
t h e  c a n i s t e r s ,  t he  only  s a f e t y  element  i d e n t i f i a b l e  a t  t h i s  
t ime i s  t h e  s p r i n g  loaded end cap.  Once t h e  "V" band clamp 
i s  remoied, t he  media compression s p r i n g  can p r o p e l  t h e  end 
cap outward. However, s t e r i l i t y  requ i rements  d i c t a t e  no i n -  
f l i g h t  maintenance,  e s p e c i a l l y  a t  t h e  component r e p a i r  l e v e l .  
The des ign  o f  t he  f l i g h t  system should  p rov ide  p o s i t i v e  means 
t o  p reven t  c a n i s t e r  d isassembly.  
2 . 2 . 1  B i o l o g i c a l  F i l t e r  (BF) 
This  component c o n s i s t s  of  a  f i l t e r i n g  element  o r  
c a r t r i d g e ,  and a  housing.  Two f i l t e r  s i z e s  were e v a l u a t e d ;  
bo th  were manufactured by t h e  P a l l  T r i n i t y  Micro Corpora t ion  
( P i M )  of Cor t l and ,  New York. 
The f i r s t  BF e v a l u a t e d  was t h e  PTM "Jun io r  Size" .  The 
f i l t e r  e lement  (PIN MCS4463UW) i n  t h i s  u n i t  i s  5 . 3  i nches  long ,  
ar.d has  an o u t s i d e  d iamete r  (OD) of 2 . 2  i n c h e s ;  i t  i s  a  p l e a t -  
ed ,  membrane-type f i l t e r  which has  a f i l t e r  'area of  1.1 f t 2 .  
This  e lement  i s  r a t e d  f o r  a b s o l u t e  r e t e n t i o n  of  a l l  p a r t i c l e s  
G.35 microns and l a r g e r ,  and 98% of  a l l  p a r t i c l e s  a s  sma l l  a s  
0.15 microns.  The f i l t e r  media i s  a  p r o p r i e t a r y  b lend  o f  a 
c e l l u l o s e  base mate r ia l ,  i n o r g a n i c  T i b e r s  and epoxy r e s i n s ;  
type 304 SS i s  used t o  fabricate the end caps and the perfor- 
a t e d  i n t e r n a l  suppor t  tube .  The housing (P/N MDE4463G4) f o r  
t h e  f i l t e r  e lement  h a s  an OD of 2-7/8 i n c h e s ;  and an o v e r a l l  
l e n g t h  o f  7-5/8 i n c h s s ;  i t  i s  f a b r i c a t e d  from an aluminum a l -  
l oy  and coa ted  w i t h  Te f lon .  
The second BF e v a l u a t e d  i s  a l a r g e r  PTM u n i t .  The c a r -  
t r i d g e  i n  t h i s  u n i t ,  which i s  i d e n t i f i e d  a s  P/N M C Y l O O l U R ,  h a s  
an OD of  2-3/4 i n c h e s ,  and a  l e n g t h  of  9-13/16 i n c h e s ;  t he  
f i l t r a t i o n  c h a r a c t e r i s t i c s  of t h i s  c a r t r i d g e  a r e  equa l  t o  
those  d e s c r i b e d  above f o r  t h e  s m a l l e r  c a r t r i d g e  - e  c e p t ,  i t  5 has  a  f i l t e r  a r e a  of 2 . 2  f t 2  i n s t e a d  of  on ly  1.1 f t  . The 
f i l t e r  media appears  t o  be t h e  same a s  above - how.-~er ,  t h e  
suppor t  tube and end caps a r e  f a b r i c a t e d  f r o n  po lypropylene  
i n s t e a d  of  s t a i n l e s s  s t e e l .  The housing (P/N MCS1001G16), 
which i s  f a b r i c a t e d  from type  304 SS, has  an OD of  4 i nches  
and a  l e n g t h  o f  1 4  inches .  
The " d i r t "  c a p a c i t y  of t h e  two BF c a r t r i d g e s ,  a s  r e p o r t e d  
by t h e  manufac ture r ,  a r e  20 and 43 grams, r e s p e c t i v e l y . *  The 
a n t i c i p a t e d  d i r t  load  was 100 m g / l i t e r  (suspended s o l i d s  i n  
t he  s imulan t )  x  63 l i t e r s / d a y  x  7 days (miss ion d u r a t i o n ) ,  o r  
4 4 . 1  grams. The re fo re ,  t h e  l a r g e r  BF i s  t h e  one t h a t  appea r s  
t o  be r equ i r ed .  However, t he  s m a l l e r  BF was t r i e d  i n i t i a l l y  
because i t  has  s u b s t a n t i a l l y  l e s s  weight  and volume than  t h e  
l a r g e r  u n i t  - and t h e  maximum wate r  flow r a t e  (66 cc/min o r  
8.7 l b / h r )  i s  extremely low f o r  e i t h e r  one o f  t h e s e  f i l t e r s .  
The fo l lowing  t a b l e  l i s t s  v a r i o u s  c h a r a c t e r i s t i c s  o f  each  
of  two f i l t e r s  e v a l u a t e d .  
J u n i o r  S tandard  
F i l t e r  Character . i s  t i c s  F i l t e r  F i l t e r  
Mass o f  Complete, W a t e r - F i l l e d  
Assexibly - kg. 1.17 5.46 
Mass o f  Complete, Drained 
Assembly - kg .  
Dry Mass o f  C a r t r i d g e  Without 
AgC1-Glass Bead Mixture - kg. 0.12 0.31 
Wet Mass of AgC1-Glass Bead 
Mixture - k g .  0.42 1 . 1 7  
Volume - l i t e r s .  0.84 2.86 
2 . 2 . 2  A c t i v a t e d  Carbon F i l t e r  (ACF) 
A s  mentioned e a r l i e r ,  t h e  c a n i s t e r s  d i f f e r  on ly  i n  
c o n t e n t s  and s i z e .  The methodology f o r  de te rmin ing  t h e  r e q u i r -  
ed a c t i v a t e d  carbon c a n i s t e r  dimensions and t h e  s p r i n g  cha rac -  
t e r i s t i c s  a r e  d i s c u s s e d  i n  t h e  fo l lowing  paragraphs .  
S i z i n g  of  t h e  ACF was based p r i m a r i l y  on p r i o r  expe r i ence  
w i th  wate r  recovery  systems.  Much of  t h i s  expe r i ence  has  been 
wi th  a  s i n g l e  type  of  c h a r c o a l  - t h a t  i s ,  Barnaby-Cheney type  
365,  20 x 50 mesh. 
The s i z i n g  methodology c o n s i s t s  of  (1) e s t i m a t i o n  of  t h e  
chemical oxygen demand (COD) of  t h e  wa te r  t o  b e  p u r i f i e d ,  (2)  
e s t i m a t i o n  of  t h e  probable  COD r e r o v a l  c a p a c i t y  c o n s i d e r i n g  
t h e  n a t u r e  of  t h e  contaminants  anc  t h e  r a t i o  o f  i n f l u e n t  COD 
t o  e f f l u e n t  COD r e q u i r e d ,  (3) e s t i m a t i o n  of  t h e  c h a r c o a l  quan- 
t i t y  r e q u i r e d  us ing  t h e  e s t i m a t e s  gene ra t ed  i n  1 and 2 above, 
*Determined on t h e  b a s i s  of  MIL-F-25682 (USAF). 
and ( 4 )  d e t e r m i n i n g  t h e  c a n i s t e r  d imens ions  from t h e  a s - p a c k e d  
c h a r c o a l  d e n s i t y  and a  t a r g e t  l e n g t h  t o  d i a m e t e r  r a t i o  o f  8 
( t h i s  r a t i o  i s  s e l e c t e d  t o  minimize t h e  p r o b a b i l i t y  f o r  chan-  
n e l i n g ) .  
The above t e c h n i q u e  i s  a t  b e s t  s e m i - q u a n t i t a t i v e .  The 
b e s t  method f o r  c h a r c o a l  c a n i s t e r  d e s i g n  would be t o  r e l y  on 
d a t a  from b e n c h - s c a l e  e v a l u a t i o n s  o f  c h a r c o a l  c a p a c i t y  w i t h  
t h e  w a t e r  t o  be p u r i f i e d .  I n  a d d i t i o n ,  d e t a i l e d  knowledge o f  
t h e  o r g a n i c  con taminan t s  s h o u l d  be a v a i l a b l e .  With s u c h  i n f o r -  
ma t ion ,  an o p t i m i z e d  r a t h e r  t h a n  a  c o n s e r v a t i v e l y  d e s i g n e d  can-  
i s t e r  c o u l d  be r e a l i z e d .  
The o r g a n i c  c o n s t i t u e n t  o f  t h e  s i m u l a n t  was n o t  s p e c i f i e d  
o t h e r  t h a n  t o  i d e n t i f y  t h e  c o n c e n t r a t i o n  a s  100 mg/l .  Lacking  
i n f o r m a t i o n  r e l a t i v e  t o  t h e  i d e n t i t y  o f  t h e  o r g a n i c  contamin-  
a n t ,  t h e  COD was e s t i m a t e d  t o  be 250 mg/l .  
The w a t e r  r equ i rement  was e s t a b l i s h e d  a t  63  l i t e r s l d a y  - 
and s e v e n  days  was e s t a b l i s h e d  a s  t h e  p r o b a b l e  S h u t t l e  m i s s i o n  
d u r a t i o n .  Adding one day a s  a  c o n t i n g e n c y  marg in ,  t h e  t o t a l  
q u a n t i t y  o f  w a t e r  t o  be  p r o c e s s e d  d u r i n g  each  m i s s i o n  i s  6 3  x 
8 ,  o r  504 l i t e r s .  The t o t a l  COD i n v o l v e d  would be  126 grams 
(0.278 l b s ) .  
A firm p o t a b i l i t y  s t a n d a r d  f o r  o r g a n i c  c o n t a m i n a t i o n  has  
n o t  been e s t a b l i s h e d  by a g e n c i e s  n o r m a l l y  a c t i v e  i n  s u c h  a r e a s .  
The Ad Hoc Committee f o r  Water S t a n d a r d s  of  t h e  N a t i o n a l  Acad-- 
emy of Science has recommended a value equivalent t o  1 0 0  ppm 
COD. Accep t ing  t h i s  s t a n d a r d  would r e q u i r e  t h e  c h a r c o a l  bed 
t o  remove 60% (250 mg/l i n f l u e n t  and 100 mg/l e f f l u e n t )  o f  t h e  
i n c i d e n t  COD t h r o u g h o u t  t h e  t e s t  p e r i o d .  
The removal c a p a c i t y  o f  a  column i s  a  s t r o n g  f u n c t i o n  o f  
t h e  t a r g e t  COD d e l t a .  Based on p r i o r  e x p e r i e n c e ,  t h e  60% d e l -  
t a  r e q u i r e m e n t  i s  n o t  s e v e r e  n o r  i s  t h e  r e l a t i v e  c o n c e n t r a t i o n  
l e v e l ;  b a s e d  on t h e s e  c o n s i d e r a t i o n s  a  COD removal  c a p a c i t y  
of 0.09 pounds COD p e r  pound o f  c h a r c o a l  s h o u l d  be  a t t a i n a b l e .  
The c h a r c o a l  q u a n t i t y  e s t i m a t e d  on t h e  b a s i s  o f  t h e  above 
q u a n t i t i e s  would b e  0.278 l b s  ( t o t a l  COD) f 0.09 l b s  COD/lb 
c h a r c o a l ,  o r  5.09 l b s  (1406 grams) . Based on t h e  a s - p a c k e d  
d e n s i t y  o f  29.8 l b / f t 3 ,  t h e  volume o f  c h a r c o a l  would b e  0.104 
f t 3  (2 .95  l i t e r s ,  o r  180 i n s ) .  
The r e q u i r e d  d imens ions  o f  t h e  c h a r c o a l  p o r t i o n  o f  t h e  c o l -  
umnar bed were de te rmined  from t h e  t a r g e t  l e n g t h  t o  d i a m e t e r  r a -  
t i o  o f  8 ,  and t h e  e s t i m a t e d  c h a r c o a l  v ~ l u m e  - namely:  t 
Volume = 180 i n 3  = ' ? f D 2 ~ / 4  
S u b s t i t u t i n g  L = 8D 
Volume = 180 i n 3  = ~ X D ~  
Diameter -  1 8 0 / 2 1 ~  = 3.06 inches  
Length = 8  x 3.06 = 24.5 i nches  
The tub ing  ob ta ined  f o r  t h e  c h a r c o a l  c a n i s t e r  has  an i n s i d e  
d iamete r  (ID) of  3 . 3 7  i nches ;  i t  was f a b r i c a t e d  from 316 2s. 
The l e n g t h  of  t h i s  t ub ing  needed t o  accommodate t h e  180 i n  o f  
cha rcoa l  i s  20.2 i n c h e s ;  t h e s e  dimensions p rov ide  an L / D  v a l u e  
of 6 .  The on ly  a l t e r n a t i v e  was a  s i m i l a r  g rade  of t u b i n g  b u t  
w i t h  an ID of  2.87 i n c h e s ;  t he  l e n g t h  would be 27.8 i nches  
y i e l d i n g  an L / D  v a l u e  of 9 . 7 .  E i t h e r  o f  t h e  two tub ing  s i z e s  
e n t a i l e d  a  s i g n i f i c a n t  d e p a r t u r e  from t h e  t a r g e t  L / D  v a l u e  of  
8. The 3 . 3 7  i nch  ?.D t ub ing  was s e l e c t e d  s i n c e  t h e  L/D v a l u e  - 
provided by t h i s  t u b i n g  was c o n s i s t e n t  w i t h  t he  "worst  case"  
concept  . I 
The ACF should  be des igned t o  w i th s t and  a  p roof  p r e s s u r e  
twice  the  o p e r a t i n g  maximum, and have a  b u r s t  p r e s s u r e  a t  l e a s t  
f o u r  t i v e s  t h e  o p e r a t i n g  maximum. Based on ' . s t andard  hoop s t r e s s  
equa t ions  and t h e  pub l i shed  y i e l d  and u l t i m a t s  s t r e n g t h  d a t a  f o r  
type 316 SS, t h e  maximum w a l l  th- ickness  r e q u i r e d  i s ,  t h e r e f o r e ,  
0.004 inches .  Obviously,  a  wal l  t h i c k n e s s  g r e a t e r  than  0.004 
inches would be required when dent and puncture resistance along 
wi th  s t r u c t u r a l  requirements  a r e  considered. !  On t h e  o t h e r  nand, 
t h e  .065 inch w a l l  p rov ided  by t h e  s e l e c t e d  tub ing  i s  probab ly  
g r e a t e r  than  needed t o  meet r ea sonab le  requ i rements  f o r  d e n t  
r e s i s t a n c e  and s t r u c t u r a l  suppor t .  
The o v e r a l l  l e n g t h  o f  t he  c a n i s t e r  exc lud ing  t h e  t u b i n g  
connector  i s  2 2 - 3 / 8  i nches .  The OD a t  t h e  "V" band clamp i s  
5 - 3/4 i nches .  
The d a t a  neces sa ry  f o r  d e s i g g  of  t h e  s p r i n g  was ob ta ined  
from t h e  P i t t s b u r g h  Ac t iva t ed  Carbon Company. I n  t e s t s  conduct-  
ed by t h e  above o r g a n i z a t i o n ,  a  60 pound compressive l o a d  was 
a p p l i e d  t o  z 5- inch  d iamete r  c h a r c o a l  bed which was s u b j e c t e d  
t o  v i b r a t i o n  t e s t s .  In  t h e s e  t e s t s ,  15  g ' s  a t  30 Hz f o r  2 hours  
and 3 g ' s  a t  t h e  same f requency f o r  2 4  hours  d i d  n o t  a f f e c t  t h e  
i n t e g r i t y  of  t h e  c h a r c o a l  g r a n u l e s .  
A s  recommended, t h e  compressive l o a d  was s c a l e d  down p r o -  
portion at el^^ t o  t h e  d iamete r  o f  t h e  a c t i v a t e d  c h a r c o a l  column. 
With t h e  3 .37- inch d i ame te r ,  a compressive l oad  of 28 l b s  would 
be r e q u i r e d .  
To p e r m i t  l i b e r a l  t o l e r a n c e s  f o r  t h e  a c t u a l  h e i g h t  o f  t h e  
c h a r c o a l  mass w i t h i n  t h e  c a n i s t e r  a  low r a t e  s p r i n g  was s e l e c t -  
e d .  The s e l e c t e d  s p r i n g  p r o v i d e d  7 .8  l b s  p e r  i n c h  o f  l e n g t h  
from 3.589 t o  0.892 i n c h e s ,  a t  which t h e  s p r i n g  i s  squeezed  
down t o  1 .125 i n c h e s .  The s p r i n g  was f a b r i c a t e d  from 0.162 
i n c h  type  18-8  SS wire. Othe r  c h a r a c t e r i s t i c s  a r e  as f o l l o w s .  
Mean C o i l  Diameter  = 3.000 i n .  
Number o f  A c t i v e  C o i l s  = 4 
T o t a l  Number o f  C o i l s  = 5-1/2 
F r e e  Length = 4.725 i n .  (+ - 1 0 % )  
The f o l l o w i n g  t a b l e  p r e s e n t s  t h e  mass and volume r e q u i r e -  
ments f o r  t h e  a c t i v a t e d  c h a r c o a l  c a n i s t e r .  I n c l u d e d  i n  t h e  
t a b l e  i s  t h e  mass o f  t h e  c a n i s t e r  w i t h  P i t t s b u r g h  A c t i v a t e d  
Carbon Type CAL 1 2  x  20 mesh a c t i v a t e d  c h a r c o a l ;  t h i s  t y p e  
c h a r c o a l  was used  i n  t h e  l a s t  s i m u l a t e d  m i s s i o n  t e s t .  Barnaby- 
Cheney Type 365, 20 x  50 mesh c h a r c o a l  was u s e d  i n  t h e  f i r s t  
f o u r  t e s t s .  
C a n i s t e r  C h a r a c t e r i s t i c s  
Barnaby- P i t t s b u r g h  
Cheney Act .Carbon 
Charcoa l  C h a r c o a l  
- 
Mass o f  Complete,  W a t e r - F i l l e d  
Assembly - kg. 6 .79  6 . 8 3  
Mass o f  Dry C a n i s t e r  Without 
Charcoal  - kg.  
Mass o f  Dry Charcoa l  - kg. 1 . 4 1  1 . 5 9  
Volume - l i t e r s .  3 . 5 3  3 .53  
2 .2 .3  - D e i o n i z e r  Column 
D e i o n i z e r  s i z i n g  i s  b a s e d  on t h e  t o t a l  m i l l i e q u i v -  
a l e n t  (MEQ) l o a d  t o  be removed, and t h e  exchange c a p a c i t y  o f  
t h e  ion-exchange  r e s i n s  t o  be used .  The t o t a l  MEQ l o a d  i s  c a l -  
c u l a t e d  from t h e  s i m u l a n t  compos i t ion  and t o t a l  w a t e r  q u a n t i t y  
t o  be p r o c e s s e d ,  and t h e  e q u i l i b r i u m  r e s i n  c a p a c i t y  f u r n i s h e d  
by t h e  r e s i n  m a n u f a c t u r e r .  
The c a t i o n i c  l o a d  p r o v i d e d  by t h e  s i m u l a n t  i s  0.4 MEQ p e r  
l i t e r ;  63  l i t e r s  a r e  p r o c e s s e d  p e r  day . f o r  seven  d a y s .  Add- 
i n g  an a d d i t i o n a l  day a s  a  con t ingency  marg in ,  t h e  s i m u l a n t  c a -  
t i o n i c  l o a d  becomes 0 .4  MEQ/l i ter  x  63  l i t e r s / d a y  x 8 days  o r  
202 MEQ. Assuming a  "worst  case"  s i l v e r  dose  o f  2 ppm (0.019 
MEQ/ l i t e r ) ,  t h e  s i l v e r  i o n  l o a d  f o r  t h e  8  days amounts to 9 . 6  
MEQ. The t o t a l  c a t i o n i c  l o a d  becomes 2 1 2  MEQ. The a n i o n i c  
l o a d  i s ,  o f  c o u r s e ,  i d e n t i c a l  t o  t h e  c a t i o n i c  l o a d .  
The r e s i n s  s e l e c t e d  a r e  manufactured by Rohm 6 Haas. The 
c a t i o n i c  r e s i n  i s  type  IR-120, 20 x  50 mesh w i t h  a  wet exchange 
c a p a c i t y  of 1.9 MEQ p e r  m l  of  r e s i n ;  i t  i s  a  s t r o n g  a c i d - t y p e  
r e s i n .  The a n i o n i c  r e s i n  i s  type  I R - 4 5 ,  20 x 50 mesh wi th  a 
wet exchange c a p a c i t y  of 2 . 0  JIEQ p e r  m l  of  r e s i n ;  i t  i s  a  weak 
base- type  r e s i n .  The c a t i o n i c  r e s i n  i s  i n  t h e  hydrogen form 
whi le  t he  a n i o n i c  i s  i n  t h e  hydroxide form. 
The major f e a t u r e  of t he  above r e s i n s  i s  t h e i r  h igh  temp- 
e r a t u r e  s t a b i l i t y .  The c a t i o n i c  r e s i n  i s  r a t e d  f o r  up t o  25OOF 
while  t h e  a n i o n i c  i s  r a t e d  f o r  2120F. These t empera tures  p e r -  
m i t  decontaminat ion of  t h e  r e s i n s  w i thou t  s e r i o u s  r e s i n  degra -  
d a t i o n .  
The c a t i o n i c  r e s i n  requirement  i s  2 1 2  MEQ/l.9 ."IEQ/ml o r  
6  1 ;  the  a n i o n i c  requirement  i s  2 1 2  M E Q / Z . O  M E Q / m l  o r  
106 m l  o f  r e s i n .  However, t h e s e  q u a n t i t i e s  o f  r e s i n  a r e  based 
on exchange c a p a c i t y  under e q u i l i b r i u m  c o n d i t i o n s .  Columnar 
o p e r a t i o n  does n o t  pe rmi t  a t t a i n m e n t  o f  e q u i l i b r i u m  whi l e  p ro -  
v i d i n g  h igh  q u a l i t y  e f f l u e n t .  I n  a d d i t i o n ,  t h e  l a r g e  v a r i e t y  
of  i o n i c  s p e c i e s  i n  t h e  s imu lan t  i n t r o d u c e s  a  l a r g e  number o f  
p o t e n t i a l  r e s i n - i o n i c  s p e c i e s  e q u i l i b r i a ;  each e q u i l i b r i a  w i l l  
be d i f f e r e n t  w i th  r e s p e c t  t o  exchange r a t e .  : 
The method commonly used t o  d e a l  w i t h  t h e  above problems 
i s  t o  d e r a t e  e q u i l i b r i u m  c a p a c i t y  i n  rough p r o p o r t i o n  t o  t h e  
d e s i r e d  r a t i o  of  e f f l u e n t  and i n f l u e n t  e l e c t r o l y t e  concen t r a -  
t i o n s . *  For a p p l i c a t i o n s  r e q u i r i n g  maximum p u r i t y ,  t h e  c a l c u -  
l a t e d  r e s i n  requirement  would be i n c r e a s e d  f o u r - f o l d  whi le  f o r  
l e s s  e x a c t i n g  a p p l i c a t i o n s  the  r e s i n  requirement  would be  i n -  
c r ea sed  only s l i g h t l y  beyond t h a t  d i c t a t e d  by c a p a c i t y  d a t a .  
P o t a b i l i t y  s t a n d a r d s  r e q u i r e  n e a r l y  complete removal o f  
most of t h e  heavy meta l s  b u t  permit  l i b e r a l  c o n c e n t r a t i o n s  o f  
common e l e c t r o l y t e  s a l t s  such a s  sodium and potass ium c h l o r i d e s  
and s u l f a t e s .  De ion izer  columns us ing  t h e  r e s i n  t ypes  mention-  
ed  above were p r e v i o u s l y  used by CHEMTRIC under  Con t r ac t  NAS 
9-9191; t h e s e  columns were s i z e d  on t h e  b a s i s  o f  3 t o  3 .5  de-  
r a t i n g  f a c t o r s .  The r e s u l t s  of  t he  t e s t s  i n d i c a t e  t h a t  t he  
s e l e c t e d  r e s i n s  have a  marked a f f i n i t y  f o r  heavy m e t a l s ,  most 
no t ab ly  s i l v e r .  In  l i g h t  o f  t h i s  performance and t h e  permis-  
s a b l e  l e v e l s  of commcn e l e c t r o l y t e s ,  a  d e r a t i n g  f a c t o r  o f  two 
was s e l e c t e d .  
*Kunin, Rober t ,  Ion Exchange Res ins ,  2nd E d i t i o n ,  John Wiley 
& Sons, New York, New York, 1958, pp. 1 1 4  t o  118. 
The r e s i n  r e q u i r e m e n t  b e c o m e s 1 ~ 1 . 6  m l  x  2 o r  223. 2 m l  
c a t i o n i c  and 2 2 2  m l  a n i o n i c .  For  s i z i n g  t h e  column, t h e  t o t a l  
r e s i n  volume was rounded o f f  t o  450 m l .  
C u r r e n t  commercial  p r a c t i c e  a s  w e l l  a s  p r e v i o u s  e x p e r -  
i e n c e  s u g g e s t s  an L/D v a l u e  o f  5  t o  7 f o r  t h e  d e i o n i z e r .  Col -  
umn d i a m e t e r s  were c a l c u l a t e d  i n  a  manner i d e n t i c a l  t o  t h a t  
used  f o r  c h a r c o a l  c a n i s t e r  s i z i n g ;  t h e  p e r t i n e n t  v a l u e s  i n  t h e  
c a l c u l a t i o n  a r e  450 m l  (27 .5  i n s )  t o t a l  volume and two v a l u e s  
f o r  t h e  l e n g t h ,  t h a t  i s ,  5D and 7D;  t h e  c a l c u l a t e d  d i a m e t e r s  
amount t o  1 .710 and 1 . 9 1 3  i n c h e s .  
The t y p e  316 SS t u b i n g  s e l e c t e d  f o r  t h e  c a n i s t e r  h a s  a  
1 . 7 5 0 - i n c h  OD,  and a  w a l l  t h i c k n e s s  o f  0.049 i n c h e s .  T h e r e f o r e ,  
t h e  I D  i s  1.652 i n c h e s ,  and a  t e n g t h  o f  12 .8  i n c h e s  was s e l e c t e d  
t o  accommodate 450 m l  (27 .5  i n  ) o f  r e s i n .  The r e s u l t a n t  L/D i s  
7.8.  
The s e l e c t i o n  p r o c e s s  was l i m i t e d  t o  s t a n d a r d  s i z e s  a v a i l -  
a b l e  from l o c a l  s u p p l i e r s .  The 0.049 i n c h  w a l l  exceeds  t h a t  re -  
q u i r e d  on t h e  b a s i s  o f  hoop s t r e s s  c a l c u l a t j o n s .  A s  w i t h  t h e  
c h a r c o a l  c a n i s t e r ,  t h e  above w a l l  t h i c k n e s s  p r o b a b l y  exceeds  
t h a t  r e q u i r e d  f o r  r e a s o n a b l e  r e s i s t a n c e  t o  d e n t s  and p u n c t u r e s  
a l o n g  w i t h  suppor t /mount ing  s t r e n g t h  r e q u i r e m e n t s .  
The media compress ion  s p r i n g  was d e s i g n e d  a l o n g  t h e  l i n e s  
e s t a b l i s h e d  f o r  t h e  c h a r c o a l  c a n i s t e r .  S t r e n g t h  d a t a  c o u l d  n o t  
be o b t a i n e d  f o r  t h e  r e s i n s  u s e d .  However, i t  a p p e a r e d  r e a s o n -  
a b l e  t o  assume t h a t  t h e  smooth r e s i n  beads  c o u l d  t o l e r a t e  a  
compress ive  l o a d  a t  l e a s t  e q u a l  t o  t h a t  a p p l i e d  t o  t h e  j agged ,  
i r r e g u l a r l y  shaped c h a r c o a l  p a r t i c l e s .  
The compress ive  l o a d  r e q u i r e d  f o r  t h e  d e i o n i z e r  column 
d i a m e t e r  i s  8  l b s .  A low r a t e  s p r i n g  was a l s o  s e l e c t e d  f o r  t h e  
d e i o n i z e r  column. 
The s e l e c t e d  s p r i n g  p r o v i d e s  6 .6  l b s  o f  f o r c e  p e r  i n c h  o f  
l e n g t h ,  from 2.34 i n c h e s  ( f r e e  l e n g t h )  t o  0.44 i n c h e s  a t  which 
t h e  spri.ng i s  s o l i d ;  t h e  t a r g e t  compress ive  l o a d  (8  l b s )  is  
a p p l i e d  when t h e  s p r i n g  i s  squeezed  down t o  1 .125  i n c h e s .  The 
s p r i n g  was f a b r i c a t e d  from 0 . 0 8 0 - i n c h  OD, t y p e  1 8 - 8  SS wire. 
Othe r  c h a r a c t e r i s t i c s  a r e  as f o l l o w s :  
Mean C o i l  Diameter  = 1 . 2 4  i n .  
Number o f  Active C o i l s  = 4 
T o t a l  Number o f  C o i l s  = 5-1/2  
F r e e  Length = 2.34  i n .  
The o v e r a l l  l e n g t h  of  t h e  d e i o n i z e r  c a n i s t e r ,  exc lud ing  
the  t ub ing  connec tors  i s  1 4 - 1 / 4  i nches .  The OD a t  t h e  "V" 
band clamp' i s  3.83 inches .  The e f f e c t i v e  d i amte r  of t h e  bed 
i s  1.652 i n c h e s ,  and t h e  e f f e c t i v e  l e n g t h  i s  12 .8  i n c h e s ;  t h e  
funne l  shaped end caps ,  space  f o r  t h e  media compression s p r i n g s ,  
s p r i n g  r e t a i n e r ,  and pyrex wadding b r i n g  t h e  o v e r a l l  l e n g t h  up 
t o  1 4 - 1 / 4  inches. The fo l lowing  t a b l e  p r e s e n t s  t h e  mass and 
volume requirements  f o r  t h e  d e i o n i z e r  c a n i s t e r .  
Measured 
C a n i s t e r  C h a r a c t e r i s t i c s  Value 
Mass of  Complete, Wa te r -F i l l ed  
Assembly - kg. 
Dry Hardware Mass - kg. 
Dry Mass of  Resins  - kg. 0.25 
Volume - l i t e r s .  
2 . 2 . 4  S i l v e r  Hal ide  C a n i s t e r s  
The s i z i n g  o f  t h e s e  components was based  upon p r e v -  
i ous  exper ience  gained by CHEMTRIC i n  e v a l u a t i n g  a  s i l v e r  c h l o r -  
i d e  column developed by Melpar.  Th is  u n i t  c o n s i s t s  of a c y l i n -  
d r i c a l  column c o n t a i n i n g  s i l v e r  c h l o r i d e  g r a n u l e s  i n  mix ture  
w i th  g l a s s  beads.  The column p rov ides  an e f f e c t i v e  bed diam- 
e t e r  of 1 . 5  inches  and a  bed l e n g t h  o f  7.5 i n c h e s ;  i t  c o n t a i n s  
162 grams o f  AgCl particles  and 2 0 4  grams of:glass beads.  
The f u n c t i o n  of t h e  g l a s s  beads i s  n o t  , : readi ly  d i s c e r n -  
a b l e  from t h e  a v a i l a b l e  l i t e r a t u r e .  However, two f u n c t i o n s  a r e  
sugges ted  - one f u n c t i o n  would be t o  r e t a r d  agglomerat ion  of  
t he  p a r t i c l e s  i n t o  a  s i n g l e  l a r g e  mass du r ing  q u i e s c e n t  p e r i o d s ,  
whi le  t he  o t h e r  f u n c t i o n  cou ld  be  t o  reduce  p r e s s u r e  drop a c r o s s  
t h e  bed. 
Ex tens ive  t e s t s  were performed w i t h  t h e  column a t  Melpar .  
The colwim was cha l lenged  w i t h  E s c h e r i c h i a  -3 c o l i  ~ ~ c o b a c t e r i u m  
sme ma t i s  and C los t r i d ium w e l c h i i *  i n  c o n c e n t r a t i o n s  o f  105 t o  
h e  c e l l s  p e r  m l .  S t e r i l e  wa te r  wah produced i n  a sin- 
g l e  pass  through column. 
*This s p e c i e s  i s  a  spo re  former and an o b l i g a t e  anae rob ic .  
The number of s p o r e s  i n  t h e  suspens ion  and t h e  type  o f  atmos- 
phere  provided f o r  t h i s  cha l l enge  were n o t  s p e c i f i e d .  Oxygen 
is l e t h a l  f o r  t h e  v e g a t a t i v e  c e l l s  o f  t h i s  s p e c i e s .  
I n  t h e  t e s t  programs conducted  by CHEMTRIC under  C o n t r a c t s  
NAS 9-9014 and NAS 9-9191,  a  s i l v e r  c h l o r i d e  column i d e n t i c a l  
w i t h  t h a t  column d e s c r i b e d  above was c h a l l e n g e d  s e v e r l y  on s e v -  
e r a l  o c c a s i o n s .  On one o c c a s i o n ,  w h i l e  o p e r a t i n g  t h e  Marquard t  
d i s t i l l a t i o n  u n i t  w i t h  b a d l y  con tamina ted  u r i n e ,  t h e  s i l v e r  c o l -  
umn s t e r i l i z e d  condensa te  c o n t a i n i n g  a  106 v i a b l e  b a c t e r i a  p e r  
m l ;  t h e  b a c t e r i a  was i d e n t i f i e d  a s  a s p e c i e s  o f  p r o t e u s .  I n  a 
s i m i l a r  s i t u a t i o n ,  t h e  s i l v e r  c h l o r i d e  column was c o n t i n u o u s l y  
c h a l l e n g e d  w i t h  con tamina ted  w a t e r  c o n t a i n i n g  150 t o  3000 b a c -  
t e r i a / m l  o v e r  a two-day p e r i o d ;  t h i s  w a t e r  was s t e r i l i z e d  i n  a 
s i n g l e  p a s s  th rough  t h e  column. 
I 
Because o f  t h e  e x c e l l e n t  per formance  a c h i e v e d  by t h e  Melpar  
column, . i t s  e s s e n t i a l  f e a t u r e s  were d u p l i c a t e d  a s  c l o s e l y  a s  
p o s s i b l e  i n  t h e  c a ~ i s t e r s  f a b r i c a t e d  f o r  t h e  b r e a d b o a r d  sys tem.  
The same c a n i s t e r  and g l a s s  bead  m i x t u r e  was a l s o  u s e d  f o r  s i l -  
v e r  bromide because  o f  t h e  c l o s e  s i m i l a r i t y  i n . c h e m i c a 1  p r o p e r -  
t i e s  and s t a t e  o f  a g g r e g a t i o n  of  t h e  s o l i d .  . 
The same t u b i n g  used  i n  d e i o n i z e r  f . a b r i c a t i o n  was used  i n  
t h e  f a b r i c a t i o n  o f  t h e  AgBr and AgCl column; t h i s  t u b i n g  h a s  
an I D  of  1 .652 i n c h e s ,  and a  w a l l  t h i c k n e s s  o f  0.049 i n c h e s .  
S i n c e  t h e  column d i a m e t e r  o f  t h e  AgBr and AgC1 columns a r e  t h e  
same a s  t h e  d e i o n i z e r ,  t h e  media compress ion  s p r i n g s  u s e d  are 
a l s o  i d e n t i c a l .  
, The d i a m e t e r  o f  t h e  above t u b i n g  i s  l a r g e r  t h a n  t h e  t u b -  
i n g  used  i n  t h e  Melpar u n i t .  T h e r e f o r e ,  a s h o r t e r  l e n g t h  was 
r e q u i r e d  t o  p r o v i d e  t h e  same bed  volume (12 .7  i d ) .  The 5 f -  
f e c t i v e  d imens ions  o f  t h e  bed a r e  1.652 i n c h e s  ( d i a m e t e r )  and 
6.2 i n c h e s  ( l e z g t h )  . 4 
Regarding t h e  s t r u c t u r a l  p r o p e r t i e s  o f  t h e  t u b i n g  u s e d ,  
t h e  w a l l  t h i c k n e s s  exceeds  t h a t  n e c e s s a r y  t o  accommodate t h e  
p r o o f  and  b u r s t  p r e s s u r e  r e q u i r e m e n t s  ment ioned e a r l i e r .  The 
l i b e r a l  w a l l  t h i c k n e s s  a l s o  would exceed  t h a t  r e q u i r e d  f o r  
r e a s o n a b l e  d e n t  and p u n c t u r e  r e s i s t a n c e  as well  a s  mount ing/  
s t r u c t u r a l  r e q u i r e m e n t s .  However, w e i g h t  o p t i m i z a t i o n  was n o t  
a  g o a l  i n  t h i s  program. 
The o v e r a l l  l e n g t h  (exc ludi , ig  t u b i n g  c o n n e c t o r s )  is  8-  1 / 4  
i n c h e s ;  t h e  f u n n e l  shaped end c a p s ,  s p a c e  f o r  t h e  media com- 
p r e s s i o n  s p r i n g ,  and p y r e x  wool wadding add t o  t h e  6 .2  i n c h e s  
e f f e c t i v e  bed l e n g t h .  The d i a m e t e r  a t  t h e  "V" band clamp i s  
3 . 8 3  i n c h e s .  The f o l l o w i n g  t a b l e  p r e s e n t s  t h e  mass and volume 
r e q u i r e n e n t s  f o r  t h e  s i l v e r  h a l i d e  c a n i s t e r s .  The u r y  w e i g h t  
o f  t h e  g l a s s  b e a d - s i l v e r  s a l t  m i x t u r e  i n  e a c h  column exceeds  
t h a t  used  i n  t h e  Melpar column. The w e i g h t  d i f f e r e n c e  i s  a t -  
t r i b u t e d  t o  a  d i f f e r e n c e  between t h e  g l a s s  beads  p r o c u r e d  f o r  
t h i s  program and those  used by Melpar. The beads used by Melpar 
were r e p o r t e d  t o  be 470 microns whi le  t hose  used i n  t h i s  program 
were 450 t o  500 microns.  
C a n i s t e r  C h a r a c t e r i s t i c s  
Measured 
Va 1 ue 
Mass of  Complete Assembly, 
Inc lud ing  I n t e r s t i t i a l  Water - kg. 1 . 2 4  
Mass o f  Dry Hardware - kg.  0.68 
Dry Mass of  AgBr & Glass-Beads 
Mixture - kg. 
Dry Mass of AgCl & Glass-Beads 
Mixture - kg. 
Volume - l i t e r s  0.33 
2.3 System Desinn 
F igu re  2 i l l u s t r a t e s  t h e  arrangement of components d e s -  
c r i b e d  i n  S e c t i o n  3 .2 ,  and t h e  purchased components d e s c r i b e d  
i n  t h i s  s u b s e c t i o n ,  A photograph of  t h i s  system i s  p r e s e n t e d  
i n  F igu re  3. 
. 
The l a r g e  t anks  l o c a t e d  on e i t h e r  s i d e  o f  t he  system a r e  
r e s e r v o i r s  f o r  f u e l  c e l l  water s imu lan t  and produc t  w a t e r ;  
t h e s e  i t ems  were mounted on d o l l i e s  t o  f a c i l i t a t e  d a i l y  replace-  
ment. The t u i n  t anks  i n  t h e  upper p o r t i o n  of  the  system p r o v i d -  
ed t h e  s t o r a g e  c a p a c i t y  neces sa ry  f o r  t he  a n t i c i p a t e d  d a i l y  
wa te r  throughput  ( 6 3  l i t e r s / d a y ) .  The l a r g e  c y l i n d r i c a l  t ank  
i n  the  lower and c e n t e r  p o r t i o n  of t h e  system s e r v e d  a s  t h e  i m -  
mersion tank  f o r  m a t e r i a l  t e s t i n g .  These l a r g e  ccmponents were 
suppor ted  by a p p r o p r i a t e  c r o s s  members and were h e l d  i n  p l a c e  
by bulkhead- type  tub ing  connec tors .  The p r o c e s s o r  components 
a r e  mounted on t h e  f r o n t  f a c e  of  t he  s t r u c t u r e  by means o f  hose 
clamps a t t a c h e d  t o  c r o s s  members. 
The components were spaced on t h e  suppor t  s t r u c t u r e  shown 
i n  F igure  3 t o  f b c i l i t a t e  camponent change-out  between t e s t s  - 
and,  more impor t an t ly ,  t o  pe rmi t  easy  a c c e s s  t o  t h e  sys tem f o r  
b a c t e r i a  i n j e c t i o n  and w a t e r  sample a c q u i s i t i o n .  The need f o r  
i n j e c t i o n / s a m p l i n g  p o r t s  a l s o  e n t a i l e d  a l a r g e r  number of  tube 
f i t t i n g s  t h a n  would normal ly  be r e q u i r e d .  
The s u p p o r t i n g  components u s e d - i n  t h i s  system a r e  d e s c r i l  ,, 
ed a s  fo l lows .  
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A.  Metering Pump 
Source : Cole-Parmer,  Inc .  
Catalog Number: 7043 
Capaci ty :  0.9 t o  9 .5  l b / h r  and up t o  100 p s i  
Type : Diaphragm 
Function:  Pump s imu lan t  from r e s e r v o i r  t o  sys tem 
Wetted M a t e r i a l s :  Penton P l a s t i c  
B • C i r c u l a t i n g  Pump 
Source: Cole-Parmer, I n c a  
Catalog Number: 7190-9 
Capaci ty :  1 . 4  gpm 
Type : C e n t r i f u g a l  
Funct ion:  Continuous a g i t a t i o n  of  s imu lan t  i n  r e s e r v o i r  
Wetted M a t e r i a l s :  316 SS and epoxy 
C. Shut-Off Valves 
Source:  Hake, Inc .  
Catalog Number: 7122 G4Y 
Type: B a l l  va lve  w i th  i n t e g r a l  t ube  f i t t i n g s  
Wetted M a t e r i a l s :  316 SS and Tef lon  
D. Check Valves 
Source: Nupro Co. 
Catalog   umber: SS-6C-1 
Type: Poppet., 1 /4  p s i d  c r ack ing  p r e s s u r e  
Funct ion:  Prevent  back f low of  wate r  from s t o r a g e  t a n k s  
Wetted M a t e r i a l s :  316 SS and Buna-N rubbe r  
E. Metering Valve 
Source: Whitey Research Tool Co. 
Catalog  umber^: IRM-4-316 
Function:  Reg3late  flow rate o f  p roduc t  w a t e r  
Wetted M a t e r i a l s :  316 SS and Te f lon  
F a  Flow Meter 
Source: F i s c h e r  6 P o r t e r  Co. 
Cata log Number: 3535-240, 1010 cc/min 
Type: V a r i a b l e - a r e a  g l a s s  t u b e ,  d i r e c t  r e a d i n g  
Funct ion:  Readout p roduc t  wa te r  drawoff r a t e  
Wetted M a t e r i a l s :  G la s s ,  Buna-N and 316 SS 
G .  Immersion Tank 
Source : M i l l i p o r e  Corpora t ion  
Cata log Number: YY1613200 
Type: 6 - inch  I D  x 25- inch long t ank  w i t h  removable end 
Funct ion:  Immersion t e s t i n g  o f  c o n s t r u c t i o n  materials 
Wetted M a t e r i a l s :  316 SS and s i l i c o n e  rubbe r  
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I. . i f  H a  P r e s su re  Regula to r  Source:  Conoflow 
.I.' ; [ * '  1:. Catalog Number: H-20XT-K Type : S e l f  - v e n t i n g ,  0.60 p s i  range 
Funct ion:  Regula te  wa te r  s t o r a g e  t ank  p r e s s u r e  
. I Wetted M a t e r i a l s  : None normal ly  we t t ed  
I .  P r e s s u r e  Gage 
Source:  A s h c r o f t  Gauge 
Type: 2 .5 - inch  d i a l ,  0-6 p s i  
Funct ion:  Readout t ank  p r e s s u r e  and wa te r  p r e s s u r e  
Wetted M a t e r i a l s :  316 SS 
J. Thermolne t e r '  
Source: '  Weksler Ins'rwnent Corp,. 
Cata log Number: 3504 
Type: 3 - i n c h  d i a l ,  b i - m e t t a l l i c ,  0  t o  120 OF range 
Funct ion:  Readout system water tempera ture  
Wetted M a t e r i a l :  316 SS 
K. Septums 
Source:  Hamilton Company 
Cata log Number: 760-04 - 
Type: Mul t i -Layer ,  s e l f - s e a l i n g  
Funct ion:  Provide  s t e r i l i z a b l e  i n t e r f a c e  sampling 
M a t e r i a l :  S i l i c o n e  rubber  
L. Septum Holders  
Source: Crawford F i t t i n g  Co. 
Catalog Number: 400-R-6-316 (modif ied)  
Funct ion:  Contain Septums 
Wetted M a t e r i a l :  316 SS 
M e  Reservoii-s 
Source:  Cole-Parmer Co. 
Ca ta log  Number: 6322-4 
Type: C y l i n d r i c a l  g radua ted  t a n k  w i t h  cover  
Funct ion:  Temporary s t o r a g e  o f  s imu lan t  and p roduc t  water 
M a t e r i a l :  Po lye thy lene  
1 N . S torage  Tanks 
Source: I l l i n o i s  MFG. & Supply I - Catalog Number: G - 1  
Funct ion:  Accumulate s i l v e r - d o s e d  w a t e r  
M a t e r i a l :  SS 
SECTION 3 
TEST PROCEDULS AND METHODS 
The breadboard system was sub jec ted  t o  a  s e r i e s  of t e s t s  
designed t o  s imula te  a  Space S h u t t l e  miss ion.  Each of these  
t e s t s  c o n s i s t e d  of seven days of non-stop ope ra t ion  wi th  water  
inpu t  flow r a t e s  and product  water  demands t h a t  approximated a  
t y p i c a l  crew duty cyc le .  Bac te r i a  were added t o  the  s imula ted  
f u e l  c e l l  water  (FCW) o r  i n j e c t e d  i n t o  the ' sys t em a t  s e l e c t e d  
l o c a t i o n s  on eqch of  the  seven days. 
A t o t a l  ~f f i v e  s imula ted  mission t e s t s  (SMT) were conducted 
t o  accommodate the  inajor v a r i a b l e s  - namely, t h e  type of b a c t e r i a  
i n j e c t e d  i n t o  t h e  system and the  type of g a s . u s e d  t o  p r e s s u r i z e  
the  u a t e r  s t o r a g e  tanks .  
3.1 Tes t  Routine 
3 .1 .1  Sys tem Clean-Up 
The i n i t i a l  c leaning  of t h e  components and p a r t s  con- 
s i s t e d  of (1) degreasing wi th  c h l o r i n a t e d  s o l v e n t  whereever 
cons t ruc t ion  m a t e r i a l s  pe rmi t t ed ,  ( 2 )  washing i n  d i l u t e  aqueous 
s o l u t i o n s  of l abora to ry  de te rgen t  (Alconox) wi th  a  s o f t  b rush ,  
(;) r i n s i n g  i n  hot  t a p  water ,  (4)  r i n s i n g  wi th  an aqueous s o l u t i o n  
of 50 t o  100 ppm hypoch lo r i t e ,  (5) ex tens ive  r i n s i n g  i n  de ionized  
water ,  and (6 )  a i r  d ry ing  a t  ambient temperature.  
The metering pumps, c i r c u l a t i n g  pumps, s h u t - o f f  va lves  and 
r e s e r v o i r s  were exempted from s o l v e n t  t rea tment .  The normally 
wetted a r e a s  of t h e  thermometersand p r e s s u r e  gauges were dipped 
i n  s c i v e n t  and brushed. Components such a s  the  p r e s s u r e  regulat .or  
were disassembled f o r  s o l v e n t  t rea tment  t o  remove "0" r i n g s  and 
o t h e r  non-meta l l ic  p a r t s .  M e t a l l i c  p i ece  p a r t s  and l i n e  segments 
were soaked i n  s o l v e n t ;  t he  water  s t o r a g e  tanks  were p a r t i a l l y  
f i l l e d  wi th  s o l v e n t  and tumbled t o  permit  the  s o l v e n t  t o  c o n t a c t  
a l l  i n t e r n a l  a reas .  The remaining washing and r i n s i n g  o p e r a t i o n s  
were conducted on the  components and p iece  p a r t s  by "pumping" t h e  
var ious  . f lu ids  through t h e  system. 
System clean-up between t e s t s  c o n s i s t e d  of (1) pumping an 
aqueous s o l u t i o n  of 50 ppm hypochlor i te  i n t o  t h e  system, ( 2 )  
pumping s e v e r a l  l a r g e  volumes of de ionized  water  through t h e  
system, and (3) c i r c u l a t i n g  s i l v e r - c h l o r i d e  dosed w a t e r t h r o u g h  
t h e  system. Each of t h e s e  s t e p s  is expla ined  i n  d e t a i l  i n  t h e  
fol lowing paragraphs.  
Upon completion of  each SMT, t h e  f i l t e r s  and c a n i s t e r s  
were removed from the system and rep laced  by p l a s t i c  tub ing .  
The septums and septum holders  were a l s o  removed - bu t  most of 
them were immediately rep laced  wi th  new septums and ho lde r s  
which were steam s t e r i l i z e d .  Septums number 7 and 8 on top of 
the  s t o r a g e  tanks  ( see  Figure  2) were temporar i ly  rep laced  wi th  
p l a s t i c  tubing t o  f a c i l i t a t e  f l u s h i n g  t h e  tanks .  
A f t e r  the  plumbing changes were made, a  c l ean  s imulant  r e -  
s e r v o i r  was f i l l e d  wi th  deionized water  (25 ga l lons )  and dosed 
wi th  a  s u f f i c i e n t  amount of reagent-grade sodium hypoch lo r i t e  
t.0 provide 50 ppm hypochlor i te .  This  s o l u t i o n  was then pumped 
i n t o  t h e  system a t  the  normal i n l e t  by a  s t a i n l e s s  s t e e l  c e n t r i -  
fuga l  pump a t  approximately 0.5 gpm, and accumulated i n  t h e  
s to rage  tanks .  Since t h e  t o t a l  capac i ty  o f , t h e  s t o r a g e  tanks  
i s  20 g a l l o n s ,  t h e  l a s t  5 g a l l o n s  flowed ou t  of t h e  tanks  
through the  f l e x i b l e  tubing i n s t a l l e d  t o  r e p l a c e  s e p t m s  7 and 
8. 
Next, t he  tubing was removed from the  top  of the  tanks  
and some of the  s o l u t i o n  i n  t h e  s t o r a g e  tanks  was dra ined  
through t h e  o u t l e t  va lves .  Septums were then i n s t a l l e d  a t  l o -  . 
c a t i o n s  7 and 8 and t h e  p r e s s u r a n t  gas turned-on;  t h e  p r e s s u r -  
a n t  gas used i n  each c leaning  ope ra t ion  was t h e  gas t o  be used 
i~ the  n e x t  SMT. F i n a l l y ,  t he  o u t l e t  va lves  (use p o i n t s )  were 
o p e ~ e d  t o  "blow-down" the  system and therebp e l i m i n a t e  as. much 
hypochlor i te  s o l u t i o n  a s  p o s s i b l e ;  This  procedure was repea ted  
t h r e e  times wi th  25 g a l l o n  volumes o f  de ionized  water .  
Next, a  " f resh ly"  prepared b i o l o g i c a l  f i l t e r  and a char -  
c o a l  c a n i s t e r  (see  Appendix B) were i n s t a l l e d  aiong wi th  t h e  
"old" AgCl c a n i s t e r  ( t h e  sameAgC1 packing was used i n  a l l  t e s t s  
because i t  was never expended). Using t h e  metering ( feed)  pump 
a t  a  r a t e  of 4 l i t e r s  p e r  hour, 76 l i ters  of de ionized  water  
were then pumped i n t o  t h e  system. This  s i l v e r - d o s e d  water  was 
then dra ined  through t h e  normal o u t l e t  va lves  i n t o  t h e  s imulant  
r e s e r v o i r .  F i n a l l y ,  p r e s s u r a n t  gas was allowed t o  blow-down 
the  o u t l e t  segment of t h e  system. 
A f t e r  the  above s t e p s  were completed a f r e s h  d e i o n i z e r  and 
t h e  "old" s i l v e r  bromide colwnn were i n s t a l l e d .  A t  t h i s  p o i n t  
the  system was ready f o r  t h e  next  SMT. 
3 . 1 . 2  Seauence of  Var iab les  
A s  i n d i c a t e d  prev ious ly ,  t he  primary v a r i a b l e s  were 
the type of b a c t e r i a  used t o  chal lenge t h e  system and t h e  type  
of p r e s s u r a n t  gas .  The composition of t h e  s imulant  was f i x e d  
and was n o t  a l t e r e d  throughout t h e  t e s t  e f f o r t .  System o p e r a t -  d 
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ing  parameters such a s  i n f l u e n t  flow r a t e ,  ope ra t ing  p r e s s u r e  
and product  water  draw-off r a t e  were f i x e d  wi th in  a  s e t  r o u t i n e  
t h a t  was appl ied  t o  each SMT. 
The fol lowing de f ines  the  combinations of v a r i a b l e s  i n  
each t e s t  and t h e  sequence pursued: 
SMT No. 1 
Bacter ia :  Type I I I a *  
P ressu ran t  Gas: Research grade n i t r o g e n  
Tes t  Metal: 410 s t a i n l e s s  s t e e l  h e a t  t r e a t e d  t o  maximum 
s t r e n g t h  
Tes t  Elastomer: Polyisoprene rubber 
SMT. No. 2 
Bac ter ia :  Type I I I a  
P ressu ran t  Gas: Research grade oxygen 
Tes t  Metal: 410 s t a i n l e s s  s t e e l  h e a t  t r e a t e d  t o  maxinwn 
s t r e n g t h  
Tes t  Elastomers: S i l i c o n e ,  Buna-N and b u t y l  rubber 
SMT No. 3 
Bac te r i a :  Pseudomonas ae ru  inosa ,  ATCC Y 14502 
Pressu ran t  Gas : Research g ra  e  n i t r o g e n  
Test  Metal: 
+
Grade A-55 t i t an ium,  a s - rece ived  cond i t ion  
Tes t  Elastomers: Polyisoprene,  Viton and e thylene-propylene 
rubber 
SMT No. 4 
Bac te r i a :  
P ressu ran t  Gas : 
Test  Metal: 
Tes t  Elastomers : 
SMT No. 5  
Bac te r i a :  
P ressu ran t  Gas : 
T e s t  Metal: 
Tes t  Elastomers: 
Pseudomonas ae ru  inosa ,  ATCC Y14502 
Research g r a  +e oxygen 
Grade A-55 t i t an ium,  a s - rece ived  cond i t ion  
Polyisoprene,  Viton and e thylene-propylene 
rubber 
Bac i l lus  s u b t i l i s ,  ATCC 66633 
Research grade n i t r o g e n  
None 
Viton and e thylene-propylene rubber 
*This b a c t e r i a  was p rev ious ly  i s o l a t e d  from t h e  Apollo water  sys -  
tem, and des igna ted  Type I I I a  by t h e  Center  f o r  Disease Control  
i n  A t l a n t a ,  Georgia. 
The above sequence prov ided  f o r  s y s t e m a t i c  exposure o f  t h e  
Type I I I a  and Pseudomonas s p e c i e s  t o  b o t h  a e r o b i c  and a n a e r o b i c  
c o n d i t i o n s .  The a e r o b i c  s p o r e  forming b a c t e r i a ,  B .  s u b t i l i s ,  
was s u b j e c t e d  t o  anae rob ic  c o n d i t i o n s  t o  minimize-the p o t e n t i a l  
f o r  spo re  germinat ion - because  t h e  spo re  form o f  t h i s - b a c t e r i a  
i s  more r e s i s t a n t  t o  s t e r i l i z a t i o n .  The sequence a l s o  p rov ided  
s y s t e m a t i c  exposure  of t h e  primary c o n s t r u c t i o n  m a t e r i a l ,  name- 
l y ,  type  316 SS, t o  t h e  two types  o f  p r e s s u r a n t  gas .  T e s t  cou- 
pons of  t he  o t h e r  c o n s t r u c t i o n  m a t e r i a l s  were s i m i l a r l y  exposed. 
The d a i l y  t e s t  r o u t i n e  was d i c t a t e d  i n  p a r t  by t h e  need t o  
accomplish sampling and s imu lan t  p r e p a r a t i o n  w i t h i n  an 8-hour  
day ( s i n g l e  s h i f t ) .  The s p e c i f i c  s imu lan t  i n f l u e n t  f low r a t e s  
( 8 . 7  l b / h r  and 4.35 l b / h r )  were used f o r  t h e  t ime d u r a t i o n s  
s p e c i f i e d .  
An SMT was i n i t i a t e d  a t  mid-<.ay. The i n i t i a l  s i n u l a n t  i n -  
p u t  r a t e  was s e t  a t  4 l i t e r s / h r  (approximatt?ly e q u a l  t o  8 .7  l b /  
h r )  and was s o  mainta ined f o r  f o u r  hours .  i t  t h i s  time, t h e  
r a t e  was reduced t o  2 ' l i t e r s / h r  (approximate ly  equa l  t o  4 .35  
l b / h r )  and main ta ined  f o r  s i x t e e n  hours .  ~ u r i n g  t h e  16-l1our 
p e r i o d ,  t h e  system was una t tended  excep t  for b r i e f  s t a t u s  
checks ,  A t  t h e  beg inn ing  of  t h e  21st hour ,  t h e  s i m u l a n t  i n p u t  
r a t e  was i n c r e a s e d  t o  4 l i t e r s / h r .  Product  water draw-off  was 
s t a r t e d  a f t e r  2 1 - 1 / 4  hours .  Both p roduc t  wa te r  draw-off  and 
s imulan t /p roduc t  wa te r  f low regimen was fo l lowed  on each  .day of  
each SMT. 
The s imu lan t  and p roduc t  wa te r  flow r a t e s  were v e r i f i e d  by 
means of  t h e  g radua ted  r e s e r v o i r s  and e l a p s e a  time measurements. 
I n s t an t aneous  r ead -ou t  o f  t h e  p roduc t  wa te r  ; f l ow  r a t e  was p r o -  
v ided  by a c a l i b r a t e d  f low meter .  : l 
System p r e s s u r e  was c o n t r o l l e d  by t h e  p r e s s u r a n t  gas  r eg -  
u l a t o r .  An o p e r a t i n g  p r e s s u r e  o f  33.5 p s i g  was neces sa ry  f o r  
a wa te r  d e l i v e r y  rate  o f  50 l b / h r  w i t h  a  30 p s i  head. Minor 
trimming of  t h e  r e g u l a t o r  was r e q u i r e d  f o r  each SMT t o  compen- 
s a t e  f o r  t h e  s l i g h t  p r e s s u r e  drop v a r i a t i o n s  encounte red  w i t h  
each  f r e s h l y  charged d e i o n i z e r .  
The b a c t e r i c i d e  system was cha l l enged  by i n j e c t i n g  known 
q u a n t i t i e s  of  v i a b l e  b a c t e r i a  i n t o  t h e  system a t  s e l e c t e d  l o -  
c a t i o n s .  B a c t e r i a  were i n j e c t e d  once each day a t  a  s i n g l e  l o -  
c a t i o n ;  t h e  s i t e  o f  i n j e c t i o n  was d i f f e r e n t  each  day. I n  many 
c a s e s ,  t h e  i n j e c t i o n  was fo l lowed by a s p e c i f i c  sampling and 
a n a l y s i s  e f f o r t  des igned  t o  e v a l u a t e  a s p e c i f i c  component. The 
fo l lowing  d e s c r i b e s  t h e  p a t t e r n  of i n j e c t i o n s  fo l lowed i n  each  
SMT . 
h, 
d' 
Day #1 
A b a c t e r i a l  c e l l / s p o r e  suspension was added d i r e c t l y  t o  the  
simillant r e s e r v o i r  during the  f i r s t  hour of  t h e  t e s t  day. 
S u f f i c i e n t  suspension was added t o  produce a  c e l l / s p o r e  con- 
c e n t r a t i o n  i n  excess of 10,000 p e r  m i l l i l i t e r  of  s imulant .  
i Dosing the  r e s e r v o i r  r e s u l t e d  i n  a  continuous 24-hour c h a l l -  
enge t o  the  system.. The s t a b i l i t y  of  the  b a c t e r i a  dose was 
monitored by performing p l a t e  counts on t h e  dosed s imulant  
dur ing the  4th  and 24th hour,  
Dav 1 2  
Same a s  above. 
Day 113 
. During ika f i r s t  hour,  a  b a c t e r i a  suspension con ta in ing  3  + 1 
x 109 b a c t e r i a l  c e l l s / s p o r e s  was i n j e c t e d  a t  t he  i n l e t  of  The 
a c t i v a t e d  carbon f i l t e r  (septum No. 1, Figure 2) . The volume 
used was about 20 cc. Water samples were with-drawn a t  t h e  o u t -  
l e t  (septum No. 2 ,  F igure  2 )  30 and 60 minutes a f t e r  i n j e c t i o n .  
Day 14 
. During the  f i r s t  hour,  the  same b a c t e r i a  dose was i n j e c t e d  a t  
> the  i n l e t  (septum No. 3) of  the  AgCl column: Water samples 
were withdrawn from the  AgCl o u t l e t  (septum No. 4) 15  and 30 
minutes a f t e r  i n j e c t i o n .  
Day X5 
The same b a c t e r i a  dose was i n j e c t e d  i n t o  the  water  s t o r a g e  tank 
i n l e t  l i n e  (septum No. 4 ) ,  a l s o  dur ing t h e  f i r s t  hour of  opera-  
t i o n .  The b a s e l i n e  water  sampling/analysis  r o u t i n e ,  descr ibed  
i n  t h e  next  s u b - s e c t i o n ,  provided assessment of  system response 
t o  t h i s  cha l lenge .  
Day 16 
Again, t h e  same b a c t e r i a  dose was i n j e c t e d  i n t o  t h e  tank v i a  
t h e  septums loca ted  a t  the  p r e s s u r a n t  gas i n l e t  (septums 7 and 
8) dur ing the  f i r s t  hour of ope ra t ion .  The b a s e l i n e  water  samp- 
l i n g / a n a l y s i s  r o u t i n e ,  descr ibed  i n  t h e  next  subsec t ion ,  p rovid-  
ed system assessment.  
Day 1 7  
The same b a c t e r i a  dose was i n j e c t e d  a t  t h e  d e i o n i z e r  o u t l e t  
(septum No. 6) dur ing the  f i r s t  hour.  The b a s e l i n e  product  
water  sampling/analysis  r o u t i n e  provided system assessment.  
The above r o u t i n e ,  a long w i t h  t h e  w a t e r  f low management 
regimen desc r ibed  e a r l i e r ,  d e f i n e s  t h e  SMT. The impact of t h e  
main v a r i a b l e s ,  namely b a c t e r i a  s p e c i e s  and p r e s s u r a n t  gas  
were e v a l u a t e d  by t h e  f i v e  SMT's i n  t h e  o r d e r  d e s c r i b e d  i n  t h e  
f i r s t  p a r t  o f  t h i s  s u b - s e c t i o n .  The b a s e l i n e  w a t e r  sampling/  
a n a l y s i s  r o u t i n e  desc r ibed  i n  t h e  n e x t  s u b - s e c t i o n  prov ided  p e r -  
formance assessment .  
3 .1 .3  Water Sampling/Analysis  
An impor tan t  o b j e c t i v e  of  t h e  t e s t  program was t h e  
e v a l u a t i o n  of  i n d i v i d u a l  compoilent performance a s  w e l l  a s  ove r -  
a l l  system performance. To accomplish b o t h  t ypes  o f  e v a l u a t i o n ,  
sampling and subsequent  a n a l y s i s  cf w a t e r  a t  i n t e r m e d i a t e  s t a g e s  
i n  t h e  system were c a r r i e d  o u t  i n  a d d i t i o n  t o  f i n a l  p roduc t  wa- 
t o r  sampling and a n a l y s i s .  This  a c t i v i t y  was c a r r i e d  o u t  u n i -  
formly i n  each SMT t o  i n s u r e  a common b a s i s  bf comparison. 
Samples were t aken  twice  each day (3  - 4 hours  and 20 - 
2 1  hours  a f t e r  s t a r t - u p )  from t h e  septum downstream of  t h e  
s t o r a g e  tank (septum No. 5 ) .  The mete r ing  pump was s topped  
f o r  sampling s o  t h a t  on ly  tank c o n t e n t s  were e x t r a c t e d .  A l l  
samples were taken a s e p t i c a l l y .  Two s e p a r a t e  500 m l  samples 
were t aken  a t  each t ime ,  t he reby  p rov id ing  i n d i v i d u a l  samples 
f o r  chemical  and b a c t e r i o l o g i c  a n a l y s i s .  F ive  m l  o f  1/10 norm- 
a l  sodium t h i o s u l f a t e  was added t o  t h e  500 m l  b i o l o g i c a l  sam- 
p l e  immediately a f t e r  sampling t o  slow down t h e  b a c t e r i c i d a l  
a c t i o n  o f  s i l v e r  i o n s  .* 
The b i o l o g i c a l  ana lyses  were performed accord ing  t o  t h e  
methods d e s c r i b e d  i n  S e c t i o n  3 .4 .  The main f e a t u r e  o f  t h e  
s e l e c t e d  method i s  t h e  u se  o f  t h e  membrane f i l t e r  t e chn ique  
which can accommodate l a r g e  sample volumes. The method a l s o  
s e p a r a t e s  t h e  b a c t e r i a l  c e l l s / s p s r e s  from t h e  s i l v e r  b e a r i n g  
wa te r  and a l lows  washing of  t h e  ce l ls  t o  f u r t h e r  i n s u r e  e l im-  
i n a t i o n  of  s i l v e r  i ons .  
*The e f f e c t i v e n e s s  o f  t h i o s u l f a t e  i n  a r r e s t i n g  t h e  b a c t e r i c i d a l  
a c t i o n  o f  s i l v e r  was n o t  eva lua t ed .  Prompt a n a l y s i s  o f  a g iven  
sample was r e l i e d  upon t o  e l i m i n a t e  t h e  p o s s i b i l i t y  o f  r e s i d u a l  
k i l l .  The a n a l y t i c a l  method of  t h e  n u t r i e n t  media used  i s  cap- 
a b l e  o f  e l i m i n a t i n g  t h e  r e s i d u a l  e f f e c t .  
The fo l lowing  analyses/measurements  were performed on each  
in t e rmed ia t e  s t a g e  sample each t e s t  day: 
(1 )  P l a t e  Count (7 )  S i l v e r  
(2) S p e c i f i c  R e s i s t a n c e , ,  (8)  I r o n  
( 3 )  PH (9 )  Nicke l  ( 4 )  T u r b i d i t y  (10) Manganese 
(5) T o t a l  S o l i d s  (11) Chromium 
(6)  T o t a l  Organic Carbon (TOC) (12) Ch lo r ide  
The methods used f o r  t h e  above a r e  s t a n d a r d  t e c h n i q u e s ,  -as 
d e s c r i b e d  i n  S e c t i o n  3.3. The meta l  a n a l y s e s  were performed by 
a tomic  a b s o r b t i o n  spect rophotometry .  A l l  of  t h e  above excep t  
TOC were performed in-house  by CHEMTRIC p e r s o n n e l ;  TOC a n a l y s - .  
e s  were performed i n  t h e  Crew Systems Laboratory  a t  t h e  NASA 
MSC . 
Sampling 'of  t h e  f i n a l  p roduc t  w a t e r  was performed a t  t h e  
end of each  t e s t  day wh i l e  t h e  p roduc t  wa te r  was be ing  d r a i n e d  
from the  system. Grab samples were taken f o r  b i o l o g i c a l  ana ly -  
s is .  The chemical  ana lyses  l i s t e d  above were performed on t h e  
accumulated p roduc t  wa te r  each  day. I 
The f i r s t  250 m l  o f  p roduc t  wa te r  ( t h e  f i r s t  grab  sample) 
was t aken  from the  remote o u t l e t  va lve  (va lve  # 2 ) .  Two hundred 
m l  o f  t h e  sample was used f o r  b j o l o g i c a l  a n a l y s e s  w h i l e  t h e  r e -  
mainder was used f o r  s i l v e r  a n a l y s i s  and f o r  d e t e c t i o n  of  c o r -  
ro s ion  p roduc t s  - namely, chromium, i r o n ,  manganese and n i c k e l .  
The second and t h i r d  hour grab  samples were u se2  e x c l u s i v e l y  
f o r  b i o l o g i c a l  a n a l y s e s .  A l l  g rab  samples were t aken  i n  s t e r -  
i l e  b o t t l e s  d i r e c t l y  from t h e  r e s p e c t i v e  o u s l e t  v a l v e .  
Samples o f  p roduc t  wa te r  were t aken  d i r e c t l y  from t h e  p ro -  
d u c t  wa te r  r e s e r v o i r  a f t e r  a l l  of t h e  p roduc t  wa te r  had been 
d r a i n e d  o f f .  The a n a l y s e s  l i s t e d  above were performed on t h e  
p roduc t  w a t e r  each day. In  a d d i t i o n ,  p roduc t  wa te r  was sh ipped  
t o  t h e  NASA MSC f o r  complete a n a l y s i s  on s e l e c t e d  days o f  each  
SMT . 
The ana lyses  performed by t h e  NASA MSC i n c l u d e d  s p e c i f i c  
a n a l y s e s  f o r  each  c o n s t i t u e n t  l i s t e d  i n  t h e  "wors t -case"  f u e l  
c e l l  wa te r  d e s c r i b e d  i n  Appendix A. Thi s  a c t i v i t y  i nvo lved  a 
g r e a t  d e a l  of  e f f o r t  and t ime ,  and of  n e c e s s i t y ,  had t o  be  re-  
duced i n  scope.  Rather  than e l i m i n a t e  s p e c i f i c  a n a l y s e s ,  t h e  
number of  samples was reduced. Produc t  w a t e r  samples from 
days 1, 4 and 7 were submi t ted  f o r  a n a l y s e s .  When coupled 
w i t h  t h e  d a i l y  in-house  wa te r  a n a l y s e s ,  t h e  above l i m i t a t i o n s  . 
d i d  l i t t l e  t o  i n t e r f e r e  w i t h  (11 d e t e c t i o n  of  q u a l i t y  t r e n d s ,  
( 2 )  e v a l u a t i o n  of  component u s e f u l  l i f e ,  and (3)  e s t a b l i s h m e n t  
of  compliance w i t h  p o t a b i l i t y  requ i rements .  
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3.2 Simulant  D e f i n i t i o n  
Fuel  c e l l  wa te r  cou ld  n o t  be  s u p p l i e d  i n  s u f f i c i e n t  quan- 
t i t y  f o r  use  i n  t h e  t e s t s ;  consequent ly ,  a  s imu lan t  had t o  be 
dev ised .  A t e n t a t i v e  "worst-case" composi t ion  o f  f u e l  c e l l  
wa te r  was s u p p l i e d  by t h e  NASA MSC. Th i s  compi l a t i on ,  p r e s e n t -  
ed i n  Appendix A ,  c o n t a i n s  more than  30 c o n s t i t u e n t s  and /or  wa- 
t e r  q u a l i t y  ps ramete rs .  
The e n t i r e  l i s t  of  c o n s t i t u e n t s  cou ld  n o t  be i n c o r p o r a t e d  
i n t o  t h e  s imulan t .  The major d i f f e r e n c e s  between t h e  s imu lan t  
composi t ion a c t u a l l y  used d i f f e r e d  from t h e  NASA s u p p l i e d  com- 
p o s i t i o n  i n  t he  fo l lowing  ways: 
A. The s imu lan t  was n o t  s a t u r a t e d  w i t h  hydrogen gas  because 
s a t u r a t i o n  cou ld  n o t  be e f f e c t e d  s a f e l y  w i t h i n  t h e  r e -  
s o u r c e  a l l o c a t i o n  of  t h e  program. 
B. S i l v e r  s a l t s  were n o t  added t o  t h e  s i m u l a r t  f o r  obvious 
r ea sons .  
C .  I r o n ,  n i c k e l ,  and manganese s a l t s  were omi t t ed  because  
t h e i r  p r e sence  cou ld  i n t e  - f e r e  w i t h  assessment  o f  pos -  
s i b l e  system c o r r o s i o n .  
D. The a l k a l i n i t y  t a r g e t  l e v e l  was e l i m i n a t e d  because com- 
p l i a n c e  would have s e r i o u s l y  reduced t h e  s o l u b i l i t y  of  
many of t h e  m e t a l l i c  s p e c i e s .  However, t h e  a l k a l i n i t y  
of  t he  s imulan t  was measured d a i l y .  
E .  The p a r t i c u l a t e  l oad  was s u p p l i e d  by s i l i c a  
(50 t o  100 micron p a r t i c l e s )  and b a c t e r i a .  Th is  com- - 
b i n a t i o n  approximates t h e  p a r t i c l e s  sizes and q u a n t i -  
t i e s  r e q u i r e d  b u t  does n o t  d u p l i c a t e  t h e  r equ i r emen t s .  
Except f o r  t h e  d e v i a t i o n s  n o t e d  above, a l l  o f  t h e  c o n s t k t -  
u e n t s  s p e c i f i e d  i n  Appendix A were inc luded  i n  t h e  s i m u l a n t .  
The c o n s t i t u e n t s  s e l e c t e d  and t h e i r  r e s p e c t i v e  t a r g e t  concen t r a -  
t i o n s  a r e  d e s c r i b e d  i n  Table 1. 
The c o n c e n t r a t i o n s  s p e c i f i e d  i n  Tab le  1 a r e  t a r g e t  va lues .  . 
Because o f  l i m i t a t i o n s  i n  t h e  scope of  t h e  program, s imu lan t  
p r e p a r a t i o n  r e l i e d  on r eagen t  p u r i t y  chemicals  and t h e  a s s a y  
v a l u e s  provided by t h e  chemical manufacturer .  Dev ia t i ons  i n  
assay  o f  t h e  s p e c i e s  d e s i r e d  a s  w e l l  a s  v a r i a t i o n s  i n  w a t e r  
c o n t e n t  cou ld  produce unavoidable  d i f f e r e n c e s  between t h e  
amount of  m a t e r i a l  c a l c u l a t e d  t o  be  neces sa ry  and t h e  amount 
of a  subs t ance  a c t u a l l y  o b t a i n e d ,  For t h e s e  r ea sons ,  v a r i a -  
t i o n s  i n  a c t u a l  composi t ion were a n t i c i p a t e d .  Such v a r i a t i o n s  
cou ld  have been v i r t u a l l y  e l i m i n a t e d  but only  through a ve ry  
s u b s t a n t i a l  i n c r e a s e  i n  t e c h n i c a l  e f f o r t .  
Table 1 TARGET COMPOSiTION OF SIMULATED FUEL CELL WATER 
Level (ppml _ Cationic Species 
Cadmium 
Copper 
Lead 
Magnesium 
Mercury 
Platinum 
Potassium 
Sodium 
Titanium 
Zinc 
Anionic - Species 
Chloride 
Yhromc te* 
E luoride 
Nitrate 
Selenite** 
Sulfate 
Particulates 
-
Silica (50 - 100,~) 
Bacteria (1 - 10p ) 
Other 
.Total Solids 
Total Organics 
pH 
* Equivaient to 0 .  "i ppm ~ r * 6  
** Equivalent to 0 .05  Se 
Because the  na ture  of the  organic  contaminant was no t  
defined i n  the NASA l is t ,  considerable  e f f o r t  was expended t o  
i den t i fy  p o t e n t i a l  contaminants i n  the  f u e l  c e l l  water .  Waste 
water contamination (cross-over  from one loop t o  another  v i a  
check valve leakage) was ru l ed  out  - leaving non-meta l l ic  ma- 
t e r i a l s  of cons t ruc t ion  and process f l u i d s  as the  only poten- 
t i a l  source of organic substances.  Zlastomers conunonly con- 
t a i n  add i t ives  t o  increase  use fu l  l i f e ;  a  common a d d i t i v e  i s  
butylated hydroxytoluene (an an t i -ox idan t ) .  The only process  
f l u i d  capable of con t r ibu t ing  organic  substances  is  t h e  coolant  
f l u i d  c i r c u l a t e d  through t h e  hea t  exchanger used t o  moderate 
the f u e l  ce l l  water temperature; a  common ingred ien t  i n  cool-  
a n t  f l u i d  i s  ethylene g lycol .  The substances f i n a l l y  s e l e c t e d  
f o r  s imulat ing t he  c rgan ic  contaminant were bu ty la ted  hydroxy- 
toluene-and e thylene  glycol .  These substances  were used i n  
equal  q u a n t i t i e s  t o  reach the 100 ppm concent ra t ion  l e v e l  re- 
quired.  
The simulant w a s  prepared each day by adding t h e  follow- 
ing  t o  94 l i ters ( 2 5  gal lons)  of one megaohm q u a l i t y ,  deion- 
i zed  water.  
A. Aliquots of edo concentrated so lu t i ons .  
B. Weighed pc r t i ons  o f  t he  organic  substances .  
C. Weighed yort 'qn of s i l i c a  
D. Addition of - 1 N sodium hydroxide so lu t i on  t o  a d j u s t  pH. 
The concentrated so lu f ions  were necessary t o  e l im ina t e  
t he  p o t e n t i a l  f o r  v a r i a t i o n s  inheren t  i n  weighing o u t  small  
quantities of dry,  granular substances each day. Two concen- 
t r a t e d  so lu t i ons  were used t o  permit sepzra t ion  of  c a t i o n i c -  
an ionic  p a i r s  t h a t  would p r e c i p i t a t e  ou t  a t  .tl-.  corrc t r a t i o n  
l e v e l  uzed i n  t he  s tock  o r  concentrated so lu t i on .  The two 
s tock  so lu t i ons  were composed a s  follows. 
A. A l l  c a t i o n i c  spec ies ,  except  sodium and potassium a s  
ch lo r ide  s a l t s .  
B. A l l  an ionic  spec i e s ,  except ch lo r ide  a s  sodium and 
p o t a s i m  s a l t s .  
The d i l u t i o n  f a c t o r  from the  s tock  so lu t i ons  t~ t h e  s i m -  
~ 1 s t  was 940 - t h a t  is,  t h e  s tock s o l u t i o n  was 913 times 
more concentrated than t he  s i n a l a n t .  By adding 100 m l  o f  each 
s tock s ? l u t i o n  t o  94 l i ters of water, t h e  concent ra t ion  of each 
cons t i tuen t  was obtained wi th  l i t t l e  e r r D r .  The same batch  of 
s tock i o l u t i o n  was used throughout t h e  e n t i r e  t e s t  program. 
The p o t e n t i a l  e r r o r  is  very smal l  and i s  l i m i t e d  t o  volu-  
me t r i c  type e r r o r s .  The s tock  so lu t ior l  a l i q u o t  could d e v i a t e  
from 100 m l  by 5 2 m l  i n  combination wi th  a  de ionized  water  
dev ia t ion  of 2 1000 m l  wi thout  a f f e c t i n g  the  s t a t e d  concent ra -  
t i o n  of a  c o n s t i t u e n t .  In  a c t u a l  p r a c t i c e ,  a  c l a s s  A volumet- 
r i c  p i p e t t e  was used t o  measure t h e  s tock  s o l u t i o n  a l i q u o t ;  
such measurements r o u t i n e l y  provide an accuracy of 2 1%. The 
s imulant  r e s e r v o i r s  were c a r e f u l l y  c a l i b r a t e d  by adding wa te r  
i n  4 l i t e r - i n c r e m e n t s ;  t he  con ten t s  of  t h e  r e s e r v o i r  could be  
read wi th in  500 m l .  
Al iquots  of the  two s tock  s o l u t i o n s  were shipped t o  the  
NASA MSC f o r  d e t a i l e d  a n a l y s i s .  Using t h e  a n a l y s i s  va lues  and 
the  940 d i l u t i o n  f a c t o r ,  the  a n t i c i p a t e d  concen t ra t ions  were 
computed. Table 2 p r e s e n t s  t h e s e  computed. va lues  a long wi th  
t h e  t a r g e t  va lues .  The d i f f e r e n c e s  between a c t u a l  and t a r g e t  
va lues  a r e  due t o  e i t h e r  dev ia t ions  from manufacturer ' s  assay  
d a t a  o r  weighing e r r o r .  
The s imulant  was monitored each day by a l k a l i n i t y ,  t o t a l  
s o l i d s ,  pH and s p e c i f i c  r e s i s t a n c e  measurements. P l a t e  counts  
were performed on samples of s imulant  taken 4 and 24  hours a f -  
ter  b a c t e r i a  i n j e c t i o n  on t h e  appropr i a t e  t e s t  days. One l i t e r  
samples of s imulant  were a l s o  shipped t o  t h e  NASA MSC f o r  de- 
t a i l e d  a n a l y s i s ,  a t  l e a s t  once dur ing  each SMT. Table 3 i n d i -  
c a t e s  t h a t  t h e  ccmposition a f  t h e  samples was reasonably c l o s e  
t o  t h e  t a r g e t  values .  The low va lues  f o r  t o t a l  s o l i d s  i s  a t -  
t r i b u t e d  t o  " s e t t l i n g "  of p a r t i c u l a t e s  i n  the  r e s e r v o i r  o r  
sam l e  ba tch  - while t h e  n i t r a t e  and s u l f a t e  d e v i a t i o n s  a r e  
p r o  1 a b l y  due t o  inter-reactions and/or i n t e r f e r e n c e .  
3.3 Chemical Analysis  Metllods -
The a n a l y t i c a l  e f f o r t  was perftxmed both in-house and a t  
the  NASA IdSC. Standard methods were used i n  a l l  ana lyses .  
The a n a l y t i c a l  methods a t  t h e  NASA MSC a r e  desc r ibed  i n  
d e t a i l  i n  Document No. CSD-A- 726 (Procedure Manual f o r  Water 
Analys is ) .  The procedures contained i n  t h e  above manual a r e  
based on the  procedures contained i n  the  Standard Methods* 
t e x t  o r  on s u p e r i o r  ins t rumenta l  methods. 
-?Standard Methods f o r  t h e  Examination of Water and Waste Water, 
12 th  Ed, APHA, Inc . ,  New York, New York 
Table 2 ACTUAL COMPOSITION OF DILUTED STOCK SOLUTIONS 
Cationic S ~ e c i e s  
Cadmium 
Copper 
Lead 
Magnesium 
Mercury 
Platinum 
Sodium 
T i  taniwn 
Zinc 
Anionic Spec ies  
Chloride 
Chromate 
Fluoride 
Ni tra te  
S e l e n i t e  
S u l f a t e  
Level (ppm) 
Ta, n e t  Actual 
NA = Not analyzed by the  NASA MSC 
* An Additional  0 . 2  + .02 ppm Na added each day via.pH adjustment 
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The chemical a n a l y s i s  methods performed i n - h ~ u s e  were as  
fol lows : 
Acidi ty  
(a) Method - T i t r i m e t r i c ,  phenolphtha le in  a t  room 
temperature a s  p e r  Standard Methods t e x t  
pages 46-48. 
(b) Instrument - None 
(c)  Accuracy - 2 1  mg/l as CaC03 
A l k a l i n i t y  
(a] Method - .  T i t r i m e t r i c ,  methyl orange end p o i n t  as 
p e r  Standard Methods t ex t  pages 43-52. 
(b) Instrument - hone 
(c) Accuracy - 21  mg/l as CaC03 
S p e c i f i c  Resis tance:  
(a) Method - Standard Methods t e x t  pages 280-284. 
(b) Instrument - YSI Model 131, condug t iv i ty  Bridge (c)  Accuracy - 21% i n  range of  2 ohvs t o  2 megaohms 
(a) Method - Standard Methods i e x t  pages 225-228. 
(b) Instrument - Corning Model 7 pH meter 
(c) Accuracy - 50.05 pH (re lat ive)  
Turb id i ty  
[a) Method - Nephelometric a s  per  ins t rument  manufactur- 
e r ' s  manual. 
(b) Instrument - Hach Chemical Co. Model No. 2100 A l abora -  
t o r y  tu rb id ime te r  
( c )  Accuracy - 22% of  f u l l  s c a l e  
T o t a l  S o l i d s  
(a)  Method - Gravimetric a s  p e r  Standard Methods text 
pages 244-245. 
(b) Instrument - None 
(c) Accuracy - 35% 
Chlor ide  
( a )  Method - T i t r i m e t r i c ,  mercur ic  n i t r a t e  method as 
p e r  Standard Methods t e x t  pages 87-89. 
(b) Ins t rument  - None 
(c) Accuracy - $4  ppm 
Trace Metals  (Ag, C r ,  Fe,  Mn, N i )  
( a )  Method - Atomic abso rp t ion  a s  p e r  ins t rument  manu- 
f a c t u r e r ' s  manual of a n a l y t i c a l  methods. 
(b) Ins t rument  - Perkin-Elmer Model 103,  Atomic a b s o r p t i o n  
Spectrophotome ter  
(c )  Accuracy - 20 - 2 %  
3.4 B a c t e r i o l o g i c  Analys i s  and Methods 
The methodology f o r  (1) c u l t u r i n g  t h e  t e s t  b a c t e r i a ,  (2 )  
p l a t e  coun t s ,  and (3) cha l l enge  dose p r e p a r a t i o n  a r e  d e s c r i b e d  i n  
t h e  fo l lowing  paragraphs.  Standard techniques  were employed 
e x c l u s i v e l y .  
The tes t  b a c t e r i a  were o ~ t a i n e d  a s  fo l lows:  
1. Type l I I a  from t h e  Na t iona l  Cents r  f o r  Disease  Con t ro l ,  
A t l a n t a ,  Georgia.  
2 .  Pseudomonas aeruginosa  from t h e  Amekican Type C u l t u r e  
C o l l e c t i o n  (ATCC) - type  Y14502. 
3. B a c i l l u s  s u b t i l i s  from t h e  American Type C u l t u r e  
Collect j .on - t ype  B6633. 
Type I I Ia  was r ece ived  on an aga r  s l a n t  (Bra in ,  Hear t  I n f u -  
s i o n  a g a r ) .  Five APT a g a r  (BBL f10916) s l a n t s  were i n o c u l a t e d  
( s t r eaked)  wi th  a l i q u o t s  of  t he  a s - r e c e i v e d  c u l t u r e .  After 48 
hours  o f  incuba t ion  a t  350C, t h e  s l a n t s  were checked f o r  p u r i t y  
by gram dai.;; and s t r e a k  p l a t e s ,  These c u l t u r e s  were then  r e f r i g -  
e r a t e d  ( 2  - 6%)  and used 3s working s t o c k .  
The ATCC c u l t u r e s  were l y o p h i l i z e d .  Both c u l t u r e s  were re-  
hydra ted  i n  s t e r i l e ,  doub le - s t r eng th  skim milk - fol lowed by 
incuba t ion  a t  350C f o r  48 hours.  The pseudomonas s p e c i e s  were 
t r a n s f e r r e d  t o  APT a g a r  s l a n t s ;  t h e s e  s t o c k  c u l t u r e s  were r e f r i g -  
e r a t e d  a f t e r  incuba t ion .  Stock b a c i l l u s  c u l t u r e s  were prepared  
i n  s imilar  fashion* b u t  w i th  AK a g a r  X2 (BBL 110912); t h i s  a g a r  
i s  the  recommended maintenance medium f o r  t h e  b a c i l l u s  s p e c i e s .  
* Arret and Kirshbaum, J. Milk 6 Food Tech., 22:329, 1959. 
The p l a t e  counts  made on t h e  water samples and t h e  c h a l l e n g e  
doses u t i l i z e d  t h e  membrane f i l t e r  (MF) method. The MF method i s  
a  s t a n d a r d  p rocedure ;  t h e  g e n e r a l  a n a l y t i c a l  requ i rements  s p e c i -  
f i e d  i n  t h e  S tandard  Methods t e x t  (pages 610-615) were fol lowed.  
Some l a t i t u d e  i s  allow- f i l t e r  p o r o s i t y  and n u t r i e n t  media 
s e l e c t i o n .  The s a l i e n t  f e a t u r e s  o f  t h e  p rocedure  used a r e  as 
~ o l l o w s  . 
1. S t e r i l e ,  phospha te -bu f f e red ,  p h y s i o l o g i c a l  s a l i n e  (PBS). 
2 .  S t e r i l e ,  0.001 N sodium t h i o s u l f a t e .  
3. M i l l i p o r e  f i l t e r  d i s c  h o l d e r s  (Cat .  XXXll-047-00). 
4. S t e r i l e ,  0.22 micron menbrane f i l t e r  d i s c s  ( M i l l i p o r e  
Cat .  #GSWP-047-SO). 
5. Pre -p repa red ,  s t e r i l e  APT a g a r  p l a t e s  l e s s  t han  1 week o l d .  
B. Method 
1. Two hundred m l  and one m l  q u a n t i t i e q  o f  a n a l y s a t e  were ' 
r o u t i n e l y  used. The smal l  q u a n t i t i e s  nf a n a l y s a t e  were 
added t o  t h e  f i l t e r  h o l d e r  c o n t a i n i n g  a t  l eas t  100 m 1  of 
PBS p r i o r  t o  f i l t r a t i o n .  
2 .  The f i l t e r  funne l  and d i s c  were washed w i t h  100 m l  o f  
0.001 N sodium t h i o s u l f a t e  s o l u t i o n  fo l lowed by washing 
wi th  two, 200 m l  a l i q u o t s  o f  PBS. 
3. The f i l t e r  d i s c  was r o l l e d  on to  the.APT a g a r  p l a t e  and 
incuba ted  i n  a  humid i f ied  c a b i n e t  a t  3S°C. 
4 .  Counts were nlade a f t e r  24  and 48 hours  o f  i q c u k a t i o n .  
The most a t t r a c t i v e  f e a t u r e  o f  t h e  s e l e c t e d  p l a t e  count  
method is t h e  a b i l i t y  t o  e l i m i n a t e  t h e  r e s i d u a l  k i l l .  c a p a b i l i t y  
o f  d i s s o l v e d  s i l v e r  s a l t s .  F i l t r a t i o n  s e p a r a t e s  b a c t e r i a  c e l l s /  
spo re s  f r o n  t h e  w a t e r  sample,  t he reby  s e p a r a t i n g  t h e  c e l l s  from 
r e s i d u a l  d i s s o l v e d  s i l v e r  s a l t s .  The t h i o s u l f a t e  wash a i d s  i n  
removing s i l v e r  s a l t s  t r apped  i n  t he  f i l t e r ;  t l r i o s u l f a t e  forms a 
complex ion  ~ ~ ; t h  s i l v e r ,  t he rebv  g r e a t l y  i n c r e a s i n g  t h e  s o l u b i l i t y  
o f  s i l v e r  h l d e s .  F i n a l l y ,  t n e  n u t r i e n t  media (APT a g a r )  used 
i n  t h e  p l a t e a  n e u t r a l i z e s  t h e  l e t h a l  e f f e c t s  o f  s i l v e r s  This  I ' 
n k u t r a l i z a t i o n  c a p a b i l i t y  was e s t a b l i s h e d  du r ing  a NASA-sponsored 
program* involved w i t h  e v a l u a t i o n  of  t h e  e l e c t r o l y t i c  s i l v e r - i o n  
g e n e r a t o r .  
* I b i d ,  C l i v e r ,  D. 0 .  e t .  a l .  
The cha l l enge  doses  were p repa red  from 48 t o  72 hour APT 
a g a r  c u l t u r e s .  I n  g e n e r a l ,  t h e  p r e p a r a t i o n  c o n s i s t e d  of  (I) 
h a r v e s t i n g  t h e  c u l t u r e ,  (2) d i s p e r s i o n  of  t h e  c u l t u r e  i n  s t e r -  
i l e  PBS, (3) c e l l  suspens ion  was t ing  v i a  r e p e a t e d  c e n t r i f u g a -  
t i o n s  and d e c a n t a t i o n s ,  and (4)  p l a t e  coun t s  on t h e  suspens ions .  
The fo l lowing  paragraphs  d e s c r i b e  t h e s e  p rocedures  i n  g r e a t e r  
d e t a i l .  
The h a r v e s t i n g  and washing o p e r a t i o n s  were a s  f o l l o w s .  
A.  Inocu la t ed  a  Kol le  f l a s k  c o n t a i n i n g  300 m l  o f  APT a g a r  
fo l lowed by i n c u b a t i o n  i n  a  humid i f ied  i n c u b a t o r  a t  3S°C 
f o r  72 - 96 hours .  
B .  Harves ted  t h e  c u l t u r e  by t e a s i n g  t h e  a g a r  s u r f a c e  w i t h  a 
w i re  loop i n  t h e  p resence  of  25  m l  s t e r i l e  PBS. 
C. The above suspension was p i p e t t e d  i n t o  a  s t e r i l e  capped 
c e n t r i f u g e  tube  c o n t a i n i n g  1 t o  2 mm g l a s s  beads .  The 
tube  was shaken v igo rous ly  t o  d i s p e r s e  t h e  b a c t e r i a l  
c e l l s .  An a d d i t i o n a l  25 m l  of  PBS was added t o  a i d  i n  
d i s p e r s i o n ,  
D.  The above tube  was c e n t r i f u g e d ,  and t h e  s u p e r n a t a n t  li- 
q u i d  decanted  o f f .  The c e l l s  were then  resuspended i n  
50 m l  PBS. Th i s  washing procedure  was performed a t  
leas t  t h r e e  t imes  on a l l  su spens ions .  
E l  The c e l l  mass r e s u l t i n g  from t h e  l a s t  c e n t r i f u g a t i o n  
was resuspended i n  25 m l  of phospha te -buf fe red  d e i o n i z e d  
wa te r .  A l iquo t s  of  t h i s  suspens ion  were t hen  s u b j e c t -  
ed  t o  p l a t e  coun t s  t o  i d e n t i f y  t h e  v i a b l e  c e l l  concen- 
t r a t i o n ;  . t h e s e  p l a t e  counts  used t h e  MF techn ique  des -  
c r i b e d  p r e v i o u s l y .  
F. Based on t h e  p l a t e  count  d a t a ,  t h e  f i n a l  suspens ion  was 
d i l u t e d  wi th  b u f f e r e d  de ion ized  w a t e r  s o  t h a t  20 m l  o f  
suspens ion  con ta ined  a t  l e a s t  1 x 10c b a c t e r i a .  
The above procedure  was fo l lowed f o r  a l l  of  t h e  b a c t e r i a  
- 
s 2 e c i e s  used.  However, s i n c e  on ly  t h e  s p o r e s  of B e  s u b t i l i s  
-
were t o  be used an a d d i t i o n a l  p r e p a r a t i o n  s t e p  was r e q u i r e x  
The washed suspension r e s u l t i n g  from s t e p  D above was - h e a t  
t r e a t e d  a t  700C iz  a t h e r m o s t a t i c a l l y  c o n t r o l l e d  wa te r  b a t h  
f o r  30 minutes  t o  k i l l  o f f  t h e  v e g a t a t i v e  c e l l s .  Upon com- 
p l e t i o n  of  t h e  h e a t  t r e a t m e n t ,  t h e  remaining s t e p s  (EGF) were 
performed. 
In  a c t u a l  p r a c t i c e ,  t h e  t ime de lay  i n h e r e n t  i n  t h e  p l a t e  
count  procedure  was i n t o l e r a b l e  i n  p r e p a r i n g  c h a l l e n g e  doses .  To 
e l i m i n a t e  t h e  time d e l a y ,  a  c o r r e l a t i o n  between p l a t e  count  v a l u e s  
and c e l l  suspension t u r b i d i t y  was e s t a b l i s h e d  t o  pe rmi t  p r e p a r a -  
t i o n  of cha l l enge  doses a c c u r a t e  t o  w i t h i n  an o r d e r  o f  magnitude. 
However, p l a t e  counts  were a l s o  performed on each  suspens ion  f o r  
v e r i f i c a t i o n .  
The procedures  invo lved  i n  p r e p a r i n g  t h e  t u r b i d i t y  c o r r e l a -  
t i o n  were a s  fo l l ows .  
A. One m l  of  t h e  f i n a l  suspens ion  was t r a n s f e r r e d  t o  99 m l  
of  PBS con ta ined  w i t h i n  a  s t a n d a r d  mi lk  d i l u t i o n  bo t t l e . .  
B. Fro? t h e  above 1:100 d i l u t i o n ,  s e r i a l ,  decade d i l u t i o n s  
were made up t o  l o 8  by t r a n s f e r r i n g  10  m l  t o  mi lk  d i l u -  
t i o n  b o t t l e s  c o n t a i n i n g  90 m l  PBS. 
C.  MF type  p l a t e  counts  were performed on t h e  107 and 108 
d i l u t i o n s .  
D. I n t e rmed ia t e  d i l u t i o n  (103 t o  105) l e v e l s  were s u b j e c t e d  
t o  t u r b i d i t y  measurements. 
To p repa re  a  cha l l enge  dcse ,  an a l i q u o t  o f  washed suspens ion  
was s u b j e c t e d  t o  s e r i a l  d i l u t i o n  a s  s p e c i f i e d  above. P l a t e  coiints 
were p e r f o r m d  a long w i t h  t h e  t u r b i d i t y  measurements. Using t h e  
t u r b i d i t y  va lues  and t h e  e s t a b l i s h e d  c o r r e l a t i o n ,  t h e  v i a b l e  c e l l  
count  of  t h e  washed susgension was c a l c u l a t e d ;  w i t h  B. s u b t i l i s  
i t  was assumed t h a t  t h e  v e g a t a t i v e  c e l l - s p o r e  r a t i o  was one. The 
washed suspens ion  was d i l u t e d  wi th  s u f f i c i e n t  s t e r i l e  b u f f e r e d  
wate r  s o  t h a t  20 m l  of t h e  d i l u t i o n  would c o n t a i n  a t  l e a s t  1 x lo9 
b a c t e r i a .  From 2 t o  4 cha l l enge  doses  were o b t a i n e d  from each  
ba t ch  of  suspens ion .  
Tweniy-five m l  a l i q u o t s  of  t h e  d i l u t e d  suspens ion  were d i s -  
pensed i n t o  s t e r i l e  serum b o t t l e s ;  t h e  b g t t l e s  were s e a l e d  w i t h  a 
, . 
rubber  serum cap and r e f r i g e r a t e d  f o r  f u t u r e  u se .  S t e r i l e  d i s -  
posable  syr i r lges  were used t o  e x t r a c t  t h e  20 m l  c h a l l e n g e  dose 
from t h e  serum b o t t l e  and t o  i n j e c t  t h e  dose i n t o  t h e  breadboard  
system. With Type I I I a  and P.  t h e  c h a l l e n g e  doses  
were never  s t o r e a  f c r  niore tfian u se .  A l a r g e  b a t c h  5 
of B. s u b t i l i s  suspensiol i  was p repa red  because  t h e  s p o r e s  were 
knoin t o  be u n a f f e c t e d  by s t o r a g e ;  more t han  1 5  c h a l l e n g e  doses  
were p repa red  from a  s i n g l e  b a t c h  o f  suspens ion  d e r i v e d  from f o u r  
Kolle  f l a s k  c u l t u r e s .  Regard less  o f  t h e  s t o r a g e  t i m e ,  each  c h a l -  
lenge dose was eva lua t ed  by p l a t e  count ;  t h e  v a l u e s  o b t a i n e d  
showed t h a t  bo th  t h e  d u r a t i o n  and c o n d i t i o n s  o f  s t o r a g e  had no  
e f f e c t  on c e l l  count .  
3 . 5  Cons t ruc t ion  M a t e r i a l s  Eva lua t ion  
The breadbcard system was f a b r i c a t e d  from a u s t e n i t i c  s t a i n -  
l e s s  s t e e l s .  P l ev ious  exper ience  had i n d i c a t e d  t h a t  t h i s  mater-  
i a l  would perform w e l l .  A d d i t i o n a l  m e t a l l i c  m a t e r i a l s  were ev- 
a l u a t e d  f o r  d u r a b i l i t y  by immersing coupons i n  a  s p e c i a l  t ank  
inc luded  i n  t h e  system. Five  e l a s tomer  m a t e r i a l s  were a l s o  ev -  
a l u a t e d  f o r  d u r a b i l i t y .  However, t h e  major e f f o r t  i n  m a t e r i a l s  
t e s t i n g  was d i r e c t e d  t o  e v a l u a t i o n  of  t h e  pr imary c a n d i d a t e  mn- 
t e r i a l ,  namely a u s t e n i t i c  s t a i n l e s s  s t e e l .  
Eva lua t ion  of  t h e  breadboard system c o n s t r u c t i o n  m a t e r i a l  
was based on (1) chemical a n a l y s i s  o f  t h e  wa te r  taken from t h e  
system, ( 2 )  v i s u a l  i n s p e c t i d n  of  each  component unaided and a t  
10 x magn i f i ca t i on  wherever p o s s i b l e ,  and (3) exposing . the cus -  
tom-designed components t o  90% of t h e  des ign  y i e l d  p r e s s u r e  
(117 p s i ) .  
t 
The in -house  a n a l y s i s  o f  wa te r  t aken  from the  s t o r a g e  
t a n k s  was s p e c i f i c a l l y  d i r e c t e d  t o  t h e  d e t e c t i o n  o f  s t a h l e s s  
s t e e l  c o r r o s i o n  p roduc t s .  These a n a l y s e s  were' performed on 
samples taken a t  two d i f f e r e n t  t imes  every  t e s t ' d a y .  
Upon complet ion of  each  SMT, t h e  custcrin-designed compon- 
e n t s  were removed from t h e  system and i n s t a l l e d  i n  a  h i g h - p r e s -  
s u r e ,  bench-type s e t - u p  - which c o n s i s t e d  o f  a  wate r  r e s e r v o i r ,  
a  h i g h - p r e s s u r e  diaphragm pump, a need le  v a l v e  and a p r e s s u r e  
gage. The i n l e t  of  each component was connected t o  t h e  pump 
o u t l e t ;  a  t e e  connector  j o ined  t h e  component o u t l e t  t o  a  p r e s -  
s u r e  gage and need le  v a l v e .  Once connected ,  t h e  pump was 
tu rned  on;  by a d j u s t i n g  t h e  e f f l u e n t  f low r a t e  v i a  t h e  need le  
va lve ,  t h e  component was s u b j e c t e d  t o  h y d r a u l i c  p r e s s u r e s  equ iv -  
a l e n t  t o  3 0 %  of des ign  y i e l d  p r e s s u r e  o r  117 p s i .  While s u b j e c -  
t e d  t o  t h i s  p r e s s u r e ,  s e a l s  and weldments were c a r e f u l l y  i n spec -  
t e d  f o r  leakage.  Th is  t e s t  was in tended  t o  r e v e a l  any s i g n i f i -  
c a n t  deg rada t ion  of  s t r u c t u r a l  i n t e g r i t y .  
A f t e r  t he  above t e s t ,  t h e  custom-designed components and 
t h e  immersion tank were disassembled a ~ d  i n s p e c t e d  v i s u a l l y ,  
a ided  by 10 x magn i f i ca t i on  wherever p o s s i b l e .  S p e c i f i c  
s ea rches  f o r  c o r r o s i o n  d e p o s i t s  and p i t s  were made. 
A d d i t i o n a l  c o n s t r u c t i o n  m a t e r i a l s ,  me ta l s  and e l a s t o m e r s  
were e v a l u a t e d  in soak t e s t s .  These tests  invo lved  immersing 
coupons of  s e l e c t e d  m a t e r i a l s  i n  t h e  tank prov ided  w i t h i n  t h e  
breadboard system. The l i q u i d  in t h e  t ank  was i d e n t i c a l  t o  
t h a t  i n  t h e  wa te r  s t o r a g e  t a n k s ,  excep t  f o r  t h e  l a c k  o f  bac-  
t e r i a .  
Figure  4 d i s p l a y s  t h e  method used f o r  suspending bo th  t h e  
m e t a l l i c  and e l a s t o m e r i c  t e s t  coupons w i t h i n  t h e  t ank .  The 
coupons d i d  n o t  touch t h e  w a l l s  o r  bottom of  .ihe t ank .  With 
the  excep t ion  of  t h e  coupons p rov id ing  the  c r e v i c e ,  none of  
the  coupons were i n  c o n t a c t  w i t h  each  o t h e r .  Only one n e t a l  
type was t e s t e d  a t  a  t ime - whi le  one o r  more e l a s t o m e r s  were 
eva lua t ed  s imul taneous ly .  
The immersior~ tank ,  w i t h  coupons i n  p l a c e ,  was f i l l e d  a t  
t he  s t a r t  of each SMT by pumping s imu lan t  i n t o  t h e  system wi th  
t he  p r e s s u r a n t  gas  supply  t u rned  o f f .  3y opening t h e  v a l v e  on 
the  immersion tank  f i l l  l i n e ,  s i l v e r - d o s e d  wa te r  flowed down- 
ward i n t o  the  immersion tank i n s t e a d  o f  i n t o  t h e  wa te r  s t o r a g e  
t anks .  P u ~ ~ ~ p i n g  was con t inued  u n t i l  wa te r  began e s c a p i n g  from 
the  opened immersion tank ven t  va lve .  A t  t h i s  t ime ,  t h e  simu- 
l a n t  f e e d  pump was tu rned  o f f .  The d r a i n  v a l v e  l o c a t e d  belcw 
the  immersion t ank  was opened and one l i t e r  of wa te r  was d r a i n -  
ed o f f  t o  p rov ide  a  gas  cap i n  t h e  t ank .  The system p r e s s u r a n t  
gas  supply  was tu rned  on; t h i s  caused p r e s s u r a n t  gas  t o  f low 
i n t o  t h e  bubble upward through t h e  w a t e r - f i l l e d  t a n k .  The gas  
f low r a t e  was c o n t r o l l e d  by manipu la t ing  the4 immers ion  t ank  
ven t  va lve .  Th i s  p roces s  was con t inued  f o r  15 t o  20 minutes  t o  
d i s p l a c e  a i r  i n  the  t ank  and t o  s a t u r a t e  t he  wate r  i n  t he  t ank  
w i t h  the  p r e s s u r a n t  gas  used. A f t e r  t h e  above t ime p e r i o d ,  t h e  
ven t  va lve  was c l o s e d  caus ing  t h e  gas p r e s s u r e  i n  t he  t ank  t o  
come up t o  system o p e r a t i n g  p r e s s u r e .  F i n a l l y ,  t h e  immersion 
tank  fill va lve  was c l o s e d ,  t he reby  i s o l a t i n g  t h e  t ank  from t h e  
r e s t  of  t he  system. 
The two me ta l s  e v a l u a t e d  were Grade A - 5 5  t i t a n i u m  and tyge  
410 SS. The meta l  coupGns were a l l  4 - inch  s q u a r e s  !3f 1 /32- inch  
s h e e t  s t o c k .  The s t a i n l e s s  s t e e l  p i e c e s  were h e a t  t r e a t e d  t o  
maximum s t r e n g t h  whi le  t i t a n i u m  was used i n  t h e  a s - r e c e i v e d  
s t a t e .  A l l  meta l  coupons were washed i n  mi ld  non -ab ra s ive  de-  
t e r g e n t ,  r i n s e d  i n  de ion ized  wa te r  and d r i e d  t o  c o n s t a n t  weight  
i n  a 103OC ovsn. 
Ti!e e l a s t a m ~ r i c  n ra t e r i a l s  were c u t  i n t o  4 - inch  x 7- inch  
; ; ~ ~ ~ ~ o n s  fr m 1, '32-inch s h e e t  s t o c k .  The coupons were washed 
-:I) weak aequeous s o l u t i o n  of t r i - s o d i u m  phosphate fo l lowed  
by a de ion ized  wate- r i n s e .  The coupons were al lowed t o  d r y  
i n  a i r  a t  room tenpei -a ture .  The coupons were then p l a c e d  i n  
a  d e s i c c a t o r  c o n t a i n i n g  c a l c i u n  c h l o r i d e ,  and s t o r e d  under  
t h e s e  c o n d i t i o n s  u a t i l  c o n s t a n t  weight  was ach ieved .  
Once t h e  coupons were c l eaned ,  d r i e d  and weighed, they  
were assembled i n  t h e  c o n f i g u r a t i o n  shown i n  F igu re  4 and s u s -  
pended i n  t h e  immersion tank .  To a i d  i n  i n t e r p r e t a t i o n ,  i d e n t -  
i c a l  e l a s t o m e r i c  coupons were a l s o  soaked i n  de ion ized  w a t e r  
con ta ined  i n  1 / 2  g a l l o n  g l a s s  b o t t l e s ;  t h e s e  c o n t r o l  tdsts 
p a r a l l e l e d  t h e  SMT1s. 
. 
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u A t  the completion of day seven of each SMT, t h e  coupon assembly 
was removed. Each coupon was inspec ted  v i s u a l l y  and then sub- 
mi t t ed  t o  t h e  r e s p e c t i v e  c leaning  and dry ing  ope ra t ions  noted 
above. Assessment of  degradat ion i n  both  m e t a l l i c  and e l a s t o m e r i c  
m a t e r i a l s  was made on the  b a s i s  o f  coupon weight change, v i s u a l  
i i n spec t ion  and a n a l y s i s  of  t h e  water containrtd w i t h i n  t h e  immer- s i o n  tank,  
SECTION 4 
TEST RESULTS 
The Breadboard System was used t o  perform f i v e  s imula ted  
Space S h u t t l e  missions f o r  determining ( 1  t h e  e f f i c a c y  of s i l -  
ver  ions  i n  k i l l i n g  t h r e e  types  of  microbes, ( 2 )  t h e  q u a l i t y  o f  
t h e  product water ,  and (3) the  e f f e c t  on m a t e r i a l s ,  when pro-  
cess ing  s imulated "worst-case" f u e l  c e l l  water .  The r e s u l t s  
of these  t e s t s  and flow r e s i s t a n c e  measurements made a t  t h e  end 
of the  5th  SMT a r e  descr ibed  i n  the  fol lowing subsec t ions .  
4 . 1  Type I I I a  Challenge Tes t s  
The f i r s t  two SMT's were performed t o  e v a l u a t e  the  e f f e c t  
of s i l v e r  ions  on the  Type I I I a  b a c t e r i a  when n i t r o g e n  and oxp- 
gen, r e s p e c t i v e l y ,  i s  t h e  gas used t o  p r e s s u r i z e  t h e  water  s t o r -  
age tanks .  Since t h e  Type I I I a  b a c t e r i a  is a e r o b i c ,  SMT 8 2  pro-  
vided cond i t ions  more conducive t o  growth than '  SMT #l. The r e -  
s u l t s  of t h e  b a c t e r i o l o g i c a l  ana lyses  performed dur ing  these  
t e s t s  a r e  summarized i n  Tables 4 and 5 .  
The lower ' l i m i t  of t h e  technique used t o  determine t h e  
Most Probable Number (MPN) of b a c t e r i a  i n  a  sample i s  l e s s  
than 1 c e l l  p e r  200 m l  (L 1/200 ml) .  Thus, Tables  4 and 5 i n -  
d i c a t e  t h a t  a l l  samples taken ' f rom septums and the  o u t l e t  va lves  
were e s s e n t i a l l y  s t e r i l e  (<1/200 ml) - except  o u t l e t  va lve  1 2  
(OV-2) on the  1st day of SMT t l ,  and both o u t l e t  va lves  on t h e  
7 th  day of SMT 1 2 .  The explana t ions  f o r  these  two anomalies 
a r e  a s  fol lows.  
A. The purpose of o u t l e t  valve # 2  was t o  determine the  e f f i -  
. cacy .o f  s i l v e r  ions  i n  mainta ining a  remote, i n f r e q u e n t l y  
used o u t l e t  i n  a  s t e r i l e  condi t ion .    he o u t l e t  whs  l o c a t -  
ed more than 10 f e e t  from the  AgBr column, and only 250 m l  
of water  were drawn from t h i s  o u t l e t  once each day. The 
contamination de tec ted  on Day 1 of SMT I$ could have been 
from an e x t e r n a l  source ;  however, t h i s  sample undoubtedly 
had a  low s i l v e r  con ten t  because it  was t h e  " f i r s t "  water  
drawn from t h a t  o u t l e t  va lve .  In  e i t h e r  c a s e ,  t h e  contam- 
i n a t i o n  was n o t  Type I I I a  b a c t e r i a  - a s  evidenced by a 
markedly d i f f e r e n t  c h a r a c t e r i s t i c  of  a  colony. 
B. The contamination de tec ted  on day 7 of SMT t 2  is  a t t r i b u -  
t e d  t o  a  procedura l  e r r o r .  The normal procedure on day 7 
was t o  i n j e c t  b a c t e r i a  between t h e  d e i o n i z e r  and the  AgBr 
Column, v i a  S-6,  where t h e  s i l v e r  concen t ra t ion  should be 
l e s s  than 50 ppb - and simultaneously withdraw a  smal l  
- 
amount of water  through OV-2, t o  avoid f o r c i n g  t h e  b a c t e r -  
i a  i n t o  the  de ion ize r .  The t echn ic ian  f o r g o t  t o  "crack" 
the  o u t l e t  va lve ;  consequently,  t h e  b a c t e r i a  were n o t  ex-  
posed t o  the  normal s i l v e r  dose u n t i l  a f t e r  t h e  21st hour 
of t h e  t e s t  day. 
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The q u a n t i t y  of  b a c t e r i a  i n j e c t e d  i n t o  t h e  s i m u l a n t  r e s -  
e r v o i r  on days 1 and 2 o f  each  SMT was 3 + 1 x 109. S i n c e  
t h e  r e s e r v o i r  con ta ined  94 l i t e r s  o f  simuTant,  t h e  r e s u l t a n t  
c o n c e n t r a t i o n  should  have been 3 + 1 x 104/ml. Ac tua l  coun t s  
i n d i c a t e d  1 . 8  x 104/ml and 2.0 x T04/ml. T h e r e f o r e ,  d e s p i t e  
t h e  p resence  o f  l e a d ,  copper  and chromate i n  t h e  s i m u l a n t ,  i t  
i s  concluded t h a t  t h e  s imu lan t  i t s e l f  h a s  a  n e g l i g i b l e  e f f e c t  
on Type I I I a  b a c t e r i a .  
The r e s u l t s  p r e s e n t e d  i n  Tables  4  and 5 i n d i c a t e  t h a t  
when 3 + 1 x 109 Type I I I a  b a c t e r i a  were i n j e c t e d  ups t ream 
(S-2) o r  downstream (S-4) of  t h e  Al '. Column, samples w i t h -  
drawn 0.25 t o  1 .0  hours  l a t e r  from  he same septums were es- 
s e n t i c l l y  s t e r i l e  ( 4  1/200 ml).  S imulant ,  of  cou r se ,  was d i -  
l u t i n g  and " f lush ing"  t h e s e  b a c t e r i a  i n t o  t h e  s t o r a g e  t ank  - 
b u t  samples taken from S-5 l e s s  t han  4  hours  a f t e r  b a c t e r i a  
were i n j e c t e d  on a l l  t e s t  days were a l s o  found t o  be s t e r i l e .  
Thus, s i l v e r  i ons  from s i l v e r  c h l o r i d e  p a r t i c J e s i n  t h e  BF and 
t h e  AgCl Column were capab le  of  reduc ing  t h e  c o n c e n t r a t i o n  of 
Type I I I a  b a c t e r i a  from more than 104/ml* t o  l e s s  t han  10'2/ml 
i n  p e r i o d s  a s  k h o r t  a s  15  minutes .  
I 
4 . 2  Pseudomonas Challenge T e s t s  
T e s t s  $ 3  and 84 were performed t o  e v a l u a t e  t h e  e f f e c t  o f  
s i l v e r  i ons  on t h e  ~seudombnas  a e r u  i n o s a  b a c t e r i a  when n i t r o -  
-+-- gen and oxygen, r e s p e c t i v e l y ,  i s  t e gas  used t o  p r e s s u r i z e  t h e  
wa te r  s t o r a g e  t ank .  S ince  t h i s  b a c t e r i a  i s  a e r o b i c ,  b u t  " f ac -  
- 
u l t a t i v e l y "  anae rob ic  ( i . e . ,  i t  can a l s o  s u r v i v e  under  anae ro -  
b i c  c o n d i t i o n s ) ,  SMT 1 4  provided c o n d i t i o n s  more conducive t o  
growth than SMT X3. The r e s u l t s  o f  t h e  b a c i e r i o l o g i c a l  a n a l y s e s  
performed du r ing  t h e s e  tests  a r e  summarized i n  Tab les  6 and 7. 
The b a c t e r i o l o g i c a l  r e s u l t s  o b t a i n e d  from t h e s e  tests a r e  
e s s e n t i a l l y  t h e  same a s  t hose  o b t a i n e d  f o r  t h e  Type I I I a  Chal-  
l enge  T e s t s  (SMT Y 1  and W2) - namely: 
A. The s imulan t  has  a  n e g l i g i b l e  e f f e c t  on P.  a e r u  i n o s a ,  a s  *evidenced by t h e  f a c t  t h a t  t h e  concentraFion o  c e l l s  i n  
samples withdrawn from t h e  r e s e r v o i r  24 hours  a f t e r  bac-  
t e r i a  i n j e c t i o n  on t h e  1st and 2nd day ( s e e  Tab le s  6 and 
7) was found t o  be w i t h i n  t h e  range a n t i c i p a t e d  a f t e r  d i -  
l u t i o n  ( L e e ,  3 - + 1 x 109 c e l l s / 9 4  l i t e r s  o r  3 - + 1 x 1041 
ml) . 
*Assuming t h a t  3 + 1 x 109 ce l l s  are uniformly d i s p e r s e d  i n  a l l  
o f  t h e  wa te r  (-TOO l i t e r s )  con ta ined  i n  t h e  Breadboard System 
a t  any one time . 
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B b  Water drawn from t h e  o u t l e t  va lves  on day 7 of SMT X3 
was found t o  be contaminated, a s  p rev ious ly  found on 
day 7 of SMT # 2  - because t h e  ?rocedu'ral e r r o r  d e s c r i b -  
ed i n  Sect ion 4 . 1  was n o t  diagnosed u n t i l  a f t e r  SMT X3 
had been completed. When t h i s  e r r o r  was r e c t i f i e d ,  f o r  
SMT 1 4 ,  the  water  drawn from the  o u t l e t  va lves  on day 7 
was s t e r i l e .  
C. The k i l l - o f f  r a t e  s g r e a t e r  than a s i x - l o g  change i (> 104/m1 t o  C 10- /ml) i n  pe r iods  a s  s h o r t  a s  15 min- 
u t e s  . 
D. The 250 m l  of water  drawn from OV-2 on t h e  2nd day of 
SMT i 4  was found t o  be contaminated; however, s i n c e  a 
colony grown from t h i s  sample had a markedly d i f f e r e n t  
phys ica l  appearance than Type I I I a  o r  P.  aeruginosa 
co lon ies ,  i t  i s  concluded t h a t  the  conTamlnation was 
from an e x t e r n a l  source .  Apparently *:be amount of  s i l -  
v e r  ions  i n  t h i s  i n f r e q u e n t l y  used o u t b e t  was i n s u f f i -  
c i e n t  t o  prevent  the  e x t e r n a l  contamination encountered 
on the  2nd day. 
4 . 3  B .  S u b t i l i s  Chbllenge Tes t  
SMT # S  was performed t o  e v a l u a t e  t h e  e f f e c t  of s i l v e r  
ions  on the  spark form of B a c i l l u s  s u b t i l i s  '- and demonstrate . 
t h a t  a BF conta in ing  AgCl p a r t i c l e s  has a u j e f u l  mic rob ia l  
1 i f  
n i  :. 
b i c  
'e g r e a t e r  than 7 days. Only one t e s t  wad necessary ,  us ing  
rogen as  the  tank p r e s s u r a n t ,  because B. s u b t i l i s  i s  ae ro -  
- and i t  was d e s i r e d  t o  provide condi f lons  which are con- 
ducive t o  r e t a i n i n g  t h e  b a c t e r i a  i n  t h e  more " r e s i s t a n t "  spore  
form.* The r e s u l t s  of the  b a c t e r i o l o g i c a l  ana lyses  performed 
during t h i s  t e s t  a r e  summarized i n  Table 8. 
The dura t ion  of  t h i s  t e s t  was extended from 7 t o  10 days 
a f t e r  i t  was discovered on t h e  5 t h  day t h a t  the  samples wi th-  
drawn on the  3rd day were n o t  s t e r i l e  ( p l a t e  count r e s u l t s  
were n o t  a v a i l a b l e  u n t i l  2 days a f t e r  each sample was taken) .  
The t e s t  r o u t i n e  was then rev i sed  a s  fo l lows .  C 
* I f  oxygen were used,  t h e  spores  may have germinated t o  t h e  
v e g a t a t i v e  form which should be more e a s i l y  k i l l e d  by s i l v e r  
ions  
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A. On days 6 ,  7 and 8 spores  were i n j e c t e d  i n  t h e  s imulant  
r e s e r v o i r  only t o  determine how f a s t  t h e  system would 
f l u s h - o u t  t h e  previous  contamina t ion ,  and demonstrate 
t h a t  the  BF prevents  the  i n t r o d u c t i o n  of a d d i t i o n a l  con- 
tamination.  A t  t he  end of day 5 t h e  BF check va lve  was 
moved from t h e  i n l e t  t o  t h e  o u t l e t  s i d e ,  and another  
septum (S-10) i n s t a l l e d  between t h e  BF and the  check 
valve - s o  t h a t  samples of the  BF e f f l u e n t  would n o t  con- 
t a i n  any water  drawn upstream from t h e  contaminated ACF. 
B. A t  the  end of day 8 an e l e c t r i c a l  r e s i s t a n c e  h e a t e r  was 
wrapped around the  AgCl Column - t o  r a i s e  t h e  tempera- 
t u r e  of the  column, and t h e r e b y ' i n c r e a s e  the  concentra-  
t i o n  of s i l v e r  ions  i n  t h e  e f f l u e n t  dur ing days 9 and 10. 
A f t e r  t h r  SMT was completed it was determined experimen- 
t a l l y  t h a t  the  h e a t e r  r a i s e d  the  e f f l u e n t  temperature t o  
118 t o  1220F; a s  shown i n  Sec t ion  4.4, t h i s  hea t ing  i n -  
creased the  s i l v e r  dose from about 0.07 ppm t o  1 . 2  ppm. 
C.  On days 9 and 10, 3 + 1 x 109 B.  s u b t i  i s  c e l l s  were i n -  j e c t e d  upstream of tlie AgCl CoTumn -hf- ur .ng  t h e  f i r s t  hour 
of opera t ion  t o  s imula te  a  f a i l u r e  of  the .BF,  and t o  de- 
termine i f  h igher  concen t ra t ions  of s i l v e r  ions  could 
k i l l  t hese  spores .  
Table 8 shows t h a t  t h e  f i r s t  two days of t h i s  t e s t  d u p l i -  
ca t ed  the  r e s u l t s  of the  previous  t e s t s  - napely ,  (1)  t h e  sim- 
u l a n t  does n o t  s i g n i f i c a n t l y  enhance o r  impede the  concent ra -  
t i o n  of 8. s u b t i l l s  spores; and (2) i f  o n i i  t he  i n p u t  i s  con- 
taminate& water drawn from t h e  s t o r a g e  tank and both o u t l e t  
va lves  i s  e s s e n t i a l l y  s t e r i l e  ( p l a t e  count < 1/200 m l ) .  How- 
eve r ,  when 3 + l x 109 spores  were i n j e c t e d  upstream of t h e  ACF 
and the.AgC1 column on days 3 and 4 ,  r e s p e c t i v e l y ,  a l l  snrnples 
drawn from the  i n j e c t i o n  septum, o u t l e t  va lves ,  and interme$- 
i a t e  septums were found t o  be contaminated. Thus, t h e  concen- 
t r a t i o n  of s i l v e r  ions  i n  t h e  system was n o t  s u f f i c i e n t  t o  
f e c t i v e l y  k i l i  these  spores  under t h e  t e s t  cond i t ions .  
The spore concent ra t ions  presented  i n  Table 8 f a r  days ,, 
4 and 5 i n d i c a t e  t h a t  t h e  spores  were d i l u t e d  and'"sweptU 
through the  system from the  i n j e c t i o n  p o i n t  t o  the  o u t l e t  
va lves .  tiowever, t h e  low counts a t  t h e  o u t l e t  va lves  on days 
3 and 4 i n d i c a t e  t h a t  they "hang-up" on s u r f a c e s  i n  the  deion-  
i z e r  and/or AgBr Column - s o  t h a t  t h e  f u l l y  d i l u t e d  concent ra -  
t i o n  (3 + 1 x 104 ml) was n o t  d e t e c t e d  i n  the  product  water  
(OV-1 anif OV-2)  u n t i l  n e a r l y  three  days a f t e r  i n i t i a l  contam- 
i n a t i o n .  This probable e f f e c t  of s u r f a c e s  on spore  r e t e n t i o n  
a l s o  may exp la in  why t h e  S - 5  s mples taken on day 5 had spore  t concent ra t ions  g r e a t e r  than 10 m l  - i .e . ,  spores  from t h e  p r e -  
vious  i n j e c t i o n s  caused t h e  concen t ra t ions  t o  be g r e a t e r  than  
the  f u l l y - d i l u t e d  concent ra t ion .  
During days 6 ,  7 a ~ d  8 samples drawn from S-10 i n d i c a t e d  
t h a t  the BF was prevent ing f u r t h e r  contamination of t h e  s y s -  
tem, while the  s t e r i l e  s imulant  ( a f t e r  the BF) was f l u s h i n g  
the previous ly  i n j e c t e d  spores  from the  system. The S-5 
counts i n d i c a t e  t h a t  dur ing these  days the  spore  concen t ra t ion  
was reduced t o  the  p o i n t  t h a t  on day 8 t h e  2 1  hour sample was 
e s s e n t i a l l y  s t e r i l e  ( p l a t e  count < 1/200 ml) .  The concent ra -  
t i o n  of spores  i n  t h e  OV-1 samples a l s o  decreased wi th  t ime,  
bu t  because of the  l a r g e  su r face  a r e a  a f forded  by the  de ion iz -  
e r  and the  AgBr Column, a l -  of the spores  were not  f lushed  out  
by t h e  end of day 8.  The r e l a t i v e l y  c o n s i s t e n t  counts  i n  the  
OV-2 sample i n d i c a t e s  t h a t  the  spores  may have even germinated 
a t  t h i s  o u t l e t .  
On days 9 and 10, when the  AgCl Column was hea ted  t about 
1200F t o  ob ta in  a s i l v e r  dose of 1 . 2  ppm, and 3 + 1 x 10 8 
spores  were i n j e c t e d  upstream of the  AgCl  column^ the  4 hour 
1 
S-5 s a m p l ~ s  were e s s e n t i a l l y  s t e r i l z  - but  t h e  2 1  hour S - 5  Sam- 
p l e s  contained 32 ce l l s /100  m l .  Thus, the  combined e f f e c t  of a 
ve r  smal l  amount of h e a t - a n d  h igher  s i l v e r  doses y i e l d e d  a d r a t e  g r e a t e r  than 104 t o  I O U ,  o r  a 4 log  r educ t ion  i n  less 
than 2 1  hours.  T h e o u t l e t  samples, of course ,  were n o t  s t e r i l e  
because o f s i d u a l  con taminat ion and t h e  low concen t ra t ion  of 
s i l v e r  between the  de ion ize r  and t h e  o u t l z t  va lves .  
4 , , 4  Water Oual i tv  
Samples of t h e  s imulant ,  s t o r e d  water  and product  water  
were analyzed once each day f o r  t h e  va lues  of t h e  "key" qua l -  
i t y  parameters,  and p e r i o d i c  samples of the  product  water  were 
forwarded t o  the  NASA MSC f o r  d e t a i l ~ d  ana lyses .  The r e s u l t s  
of these  analyses  a r e  summari~~ed i n  ~ p p e n d i x e s  C 4 D e  
Two q u a l i t y  problems p e r s i s t e d  dur ing each of t h e  f i v e  
SMT1s, because the  s imulant  contained contaminants which unex- 
pec ted l )  a f f e c t e d  the  performance of the  ACF and the  d e i o n i z e r .  
The f i r s t  problem recognized was the  excess ive ly  low pH and 
s p e c i f i c  r e s j s t a n c e  of the  product  water  dur ing  SMT #1 (see  
Table C l ) .  From t h e  d e t a i l e d  ana lyses  of t h e  SMT # I  product  
water (see  Table Dl) i t  was concluded t h a t  t h e  de ionizer  was 
unable t o  remove (1) the  hydro f lour i c  a c i d  added $0 t h e  simu- 
l a n t  t o  ob ta in  a f l o u r i d e  l e v e l  of 1.6 ppm, and ( 2 )  the  c h l o r -  
ide  added t o  ob ta in  a l e v e l  of 8 ppm. On t h e  o t h e r  hand, :he 
s i l v e r  concent ra t ion  was f0un.d t o  be t o o  low - i n d i c a t i n g  t h a t  
the  ch lo r ide  ions  were suppress ing t h e  equi l ib r ium concent ra -  f 
t i o n  of Ag. 
For SMT X2 t h e  p o s i t i o n s  of t h e  c a t i o n i c  and a n i o n i c  resv 
i n s  were reversed .  Tables C2 and DE i n d i c a t e  t h a t  t h i s  change 
improved t h e  pH, s p e c i f i c  r e s i s t a n c e ,  c h l o r i d e  con ten t  and 
f l o u r i d e  conten t  of t h e  product  water - but t h e  pH was s t i l l  
too low, and the s i l v e r  conten t  was t o o  high.  For SMT's 1 3 ,  4 
and 5 the  conten ts  of the  de ion ize r  were "layered" and t h e  r e -  
s i n  r a t i o  va r i ed  t o  determine i f  f u r t h e r  improvements were pos- 
s i b l c  with the  p r e s e l e c t e d  r e s i n s .  A s  shown i n  Tables  C3, C4, 
CS ,  3 2  an2 D 3  - low pH, high f l u o r i d e  con ten t ,  and high s i l v e r  
content  continued t o  be a  problem. Since t h e  pH tended t o  de- 
crease  while t h e  f l u o r i d e  conten t  increased  dur ing  each of 
these  t e s t s ,  it i s  concluded t h a t  t h e  p r e s e l e c t e d  r e s i n s  had 
i n s u f f i c i e n t  capac i ty  f o r  hydro f lour i c  ac id .  Since t h e  s i l v e r  
conten ts  were higher  than p r e d i c t e d  by equ i l ib r ium c a l c u l a t i o n s ,  
e s p e c i a l l y  i n  the  e a r l y  p a r t  of each t e s t ,  it i s  concluded t h a t  
r e s idua l  amines which evolved during p r e s t e r i l i z a t i o n  of  t h e  
r e s i n s  were swept i n t o  t h e  AgBr Column where they inc reased  t h e  
s o l u b i l i t y  f o r  s i l v e r  by a  c h e l a t i o n  e f f e c t .  Other r e s i n s  were 
no t  inves t iga ted  because an ex tens ive  amount of  bench e x p e r i -  
ments would have been requi red  t o  determine i f  any o t h e r  com- 
merc ia l ly -ava i l ab le  r e s i n s  could wi ths tand  t h e  mandatory p r e -  
s t e r i l i :  j t i o n  procedure and a l s o  have more capac i ty  f o r  f l o u r -  
i d e s  than the  p rese lec ted  r e s i n s .  
The second p e r s i s t e n t  problem was the  To ta l  Organic Car- 
bon (TOC) of the  s t o r e d  water  and t h e  product  water .  A s  i n d i -  
ca ted  by the  da ta  i n  Appendixes C & D ,  t h e  ACF's had a  n e g l i -  
g i b l e  e f f e c t  on t h i s  parameter u n t i l  SMT # 3  and 5 - and even 
then the  TOC removal e f f i c i e n c y  was on t h e  o rde r  of 30% i n -  
s t ead  of the  design goa l  of 60%. Based u p o n ~ t h e  n o t i c e a b l y  
sweet t a s t e  of t h e  s t o r e d  water  and the  prodbct  water  i t  w a s  
concluded t h a t  the  ACF's were unable t o  adsorb t h e  e thy lene  
g lycol  added '3 the  simulant  t o  achieve p a r t  of  t h e  d e s i r e d  
or-anic  contamination. I f  none of  the  e thylene  g l y c o l  was ad-. 
sorbed, and 60% of t h e  bu ty la t ed  hydroxytoluene ( t h e  o t h e r  o r -  
ganic  contaminant) was adsorbed, an o v e r a l l  removal e f f i c i e n c y  
of 30% would be expected. This problem, was recognized dur ing  . 
SMT X 1 ,  bu t  no changes were made t o  the  ACF'S u n t i l  SMT # 5  be- 
cause (1) no o the r  organic  contaminants were suggested,  and (2) 
a  survey of a c t i v a t e d  carbon manufacturers i n d i c a t e d  t h a t  none 
of them "claim" t o  have a m a t e r i a l  which e f f e c t i v e l y  adsorbs  
e thylene g lycol  from water .  For SMT 65 a  d i f f e r e n t  brand was 
t r i e d  - bu t  the  r e s u l t s  were e s s e n t i a l l y  t h e  same a s  before .  
Another problem which occurred,  bu t  was r e c t i f i e d ,  was 
high a l k a l i n i t y  of t h e  s t o r e d  water .  During SMT I1 t h e  l e v e l  
was higher  than f o r  the  simulant .  Consequently, it was con- 
cluded t h a t  t h e  ACF was n o t  washed s u f f i c i e n t l y  dur ing  prepar -  
a t ion .  For t h e  subsequent t e s t s  t h e  washing opera t ion  was i m -  
proved u n t i l  t h e . a l k a l i ~ i t y  of t h e  s t o r e d  water  was l e s s  than 
the  l e v e l  i n  the  sirnula., , (see  Table CS) . 
F i n a l l y ,  the  concent ra t ion  of s i l v e r  i n  t h e  s t o r e d  water  
was always found t o  be l e s s  than t h e  d e s i r e d  minimum l e v e l  of 
1 ppm - u n t i l  t h e  AgCl Column was heated t o  about 1200F dur ing  
days 8 ,  9 and 10 of SMT Y 5 .  This r e s u l t  i s  a t t r i b u t e d  t o  the  
presence of c h l o r i d e  ions  i n  t h e  s imulant ,  which passed through 
the  ACF and suppressed the  equi l ib r ium concen t ra t ion  of  s i k v e r  
ions-. The fol lowing c a l c u l a t i o n  shows t h a t  under t h e s e  condi-  
t i o n s  t h e  s i l v e r  ion  concen t ra t ion  should be only 0.075 ppm. 
Ksp @ 25oC = 1.56 x 10-10 moles 
'Ag+ @ 2 5 0 ~  = = 6.96 x lo"  
Cc1- @ 25oC 2.25 x l i t e r  
grams 
= 6:96 x l o - '  x 107.9 = 7.5 x 1 0 ' ~  = 0.073 ppm 
'Ap+ @ ZSOC 
l i t e r  
A review of Appendix C i n d i c a t e s  t h a t  t h e  measured concent ra -  
t i o n  i n  samples of  s t o r e d  water  ranged from 0.04 t o  0.12 ppm - 
u n t i l  t h e  AgC1 Column was hea ted  t o  r a i s e  the  concen t ra t ion  t o  
1 . 2 1  ppm. 
4.5 Mate r i a l s  Evaluat ion -
The c o n s t r u c t i o n  m a t e r i a l s  used i n  t h e  i readboard  System 
were e i t h e r  a u s t e n i t i c  s t a i n l e s s  s t e e l  o r  nap-metal l$cs .  Spe- 
c i f i c a l l y ,  the  custom-designed components wgre f a b r i c a t e d  from 
type 316 SS a s  were the  va lves ,  l i n e s  and f$ow meter connect-  
ors. The storage tanks, large BF housing and wetted parts of 
the  p ressu re  gauges and thermometers were type 304 SS. The 
smal l  BF housing was Teflon-coated aluminum. 
Evidence of co r ros ion  was a s s o c i a t e d  only wi th  t h e  b io log-  
i c a l  f i l t e r s .  The small  BF housing had a mounting boss on t h e  
i n s i d e  o i  the  erid cap f o r  at tachment of  t h e  f i l t e r  c a r t r i d g e .  
During assembly, i t  was n e a r l y  impossible  n o t  t o  abuse t h e  Tef-  
lon coa t ing  on t h e  end cap boss when i n s e r t i n g  t h e  f i l t e r  c a r -  
t r i d g e .  This  boss corroded badly a s  evidenced by the  r e a d i l y  
apparent  ' loss of aluminum making up the  boss.  
The l a r g e  BF housing, c o n s i s t i n g  of a  c a s t  304 SS head and 
a drawn 304 SS bowl, had r u s t  s t a i n e d  a r e a s  on t h e  head. How- 
e v e r ,  t h e  bowl p o r t i o n  revea led  no evidence of 'corrosive a t t a c k  
- i n d i c a t i n g  t h a t  drawn 304 SS i s  acceptab le  whi le  c a s t  304 SS 
i s  unacceptable.  
Visual  in spec t ion  and hydrau l i c  p r e s s u r e  t e s t s  f a i l e d  t o  
r evea l  any evidence of cor ros ion  o r  degradat ion i n  t h e  custom- 
designed components. The ex tens ive  water  a n a l y s i s  e f f o r t  d i -  
r e c t e d  t o  d e t e c t i o n  of s t a i n l e s s  s t e e l  co r ros ion  products  
( i r o n ,  n i c k e l ,  manganese and chromium) i n d i c a t e d  t h e  absence of 
s t a i n l e s s  s t e e l  cor ros ion  i n  any of t h e  f i v e  t e s t s .  I t  should 
be poin ted  out  t h a t  even though chromium was a . s i m u l a n t  ingred-  
i e a t ,  the  chromium concent ra t ion  i n  any of  t h e  water  samples 
never exceeded t h e  concent ra t ions  d i r e c t l y  a t t r i b u t a b l e  t o  t h e  
chromium added t o  the  s imulant .  
The immersion t e s t s  conducted on 410  SS and A - 5 5  t i t an ium 
d i d  n o t  evoke dramatic ckanges i n  the  m a t e r i a l .  Coupons of 
these  m a t e r i a l s  were immersed i n  s imulant  which had been pumped 
through the  b i o l o g i c a l  f i l t e r ,  charcoa l  column and s i l v e r  c h l o r -  
i d e  column under both oxygen and n i t r o g e n  atmospheres. Table 9 
p r e s e n t s  t h e  weight change d a t a  ob ta ined  from t h e  immersion 
t e s t s .  A l l  metal coupons gained weight ,  b u t  t h e  g a i n  was l i m i t -  
ed  t o  one mil l igram o r  l e s s .  The only d e f e c t s  o r  changes d e t e c t -  
a b l e  upon v i s u a l  examination were l i m i t e d  t o  s e v e r a l ,  sma l l ,  l o -  
c a l i z e d  "rust"  s p o t s  on t h e  410 SS coupons jo ined  i n  t h e  c r e v i c e  
conf igura t ion  and t e s t e d  under n i t rogen .  Analysis  of  immersion 
tank water  d i d  n o t  r evea l  any s t a i n l e s s  s t e e l  co r ros ion  pro-  
duc ts  i n  excess  of t h a t  a l r eady  i n  'the s imulant .  However, t he  
410 SS coupons gained l e s s  weight than the  t i t an ium coupons - 
and a l l  coupons gained l e s s  weight when p r e s s u r i z e d  wi th  n i t r o -  ' 
gen. 
The e l a s tomer ic  m a t e r i a l s  - namely, po ly isoprene  s i l i c o n e ,  
Buna-N, b u t y l ,  e thylene-propylene,  and Viton - were s u b j e c t e d  
t o  t h e  same immersion t e s t s  descr ibed  above. 'However, c o n t r o l  
coupons i d e n t i c a l  t o  th.ose used i n  t h e  immersion t e s t s  were a l -  
so  soaked i n  deionized water  under a i r  i n  l/? g a l l o n  g l a s s  bo t -  
tles. With the exception of b u t y l  rubber ,  t h e  percentage  
weight change d e t e c t e d  i n  t h e  t e s t  coupons d i d  n o t  d i f f e r  any 
more than 0.05 u n i t s  from the  percentage weight  change d e t e c t e d  
i n  the  c o n t r o l s .  Butyl rubber gained 0.2% i n  weight whi le  t h e  
c o n t r o l s  l o s t  an average of .04%. Viton and Buna-N gained 
about 0.25% i n  weight a s  d i d  t h e i r  r e s p e c t i v e  c o n t r o l s .  E thyl -  
ene-propylene and polyisoprene both  gained 0 .1  % o'r l e s s  whi le  
s i l i c o n e  l o s t  weight by a  s i m i l a r  margin. The e s s e n t i a l  p o i n t  
is  t h a t  deionized water  produced e s s e n t i a l l y  t h e  same e f f e c t  
on the  e las tomers  a s  t h e  "stored" water  wi th  t h e  p o s s i b l e  ex- 
cep t ion  of bu ty l  rubber.  Visua l  examination, which inc luded  
manual f l e x i n g  and s t r e t c h i n g ,  d i d  n o t  r e v e a l  any p h y s i c a l  de-  
grada t ion .  However, t h e  d a t a  i n  Table 9 does i n d i c a t e  t h a t  
polyisoprene,  s i l i c o n e  rubber and EPT exper ienced l e s s  weight 
change than the  o t h e r  e las tomers  - r e g a r d l e s s  of t h e  tes t  s o l u -  
t i o n  o r  u l l a g e  gas.  
The s i l v e r  concen t ra t ion  of t h e  immersion tank water  was 
always s l i g h t l y  l e s s  than t h e  t y p i c a l  0.07 ppm s i l v e r  d e t e c t -  
ed i n  the  s t o r e d  water ;  the  magnitude of s i l v e r  l o s s  was 0.01 
t o  0.02 ppm. P ressu ran t  gas appeared t o  have no e f f e c t  on s i l -  
ve r  dose s t a b i l i t y .  The cause of t h e  s i l v e r  l o s s  is '  obscure 
and no s i n g l e  m a t e r i a l  can be c l e a r l y  i d e n t i f i e d  a s  a s i l v e r  
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I ion llsorberll .  However, t h e  immersion tank ,  which was f a b r i c a t e d  
/ from 316 SS, provided a wet ted a r e a  a t  l e a s t  two times g r e a t e r  
than the wetted a r e a  provided by a l l  coupons a t  one time. This 
tank was cleaned i n  l a b o r a t o r y  de te rgen t  before  each SMT. Thus, 
t he  tank i t s e l f  may have adsorbed the  smal l  amount of  s i l v e r  
l o s t  over a seven day per iod .  
4.6 Com~onent Performance 
The components used i n  the  breadboard system proved t o  be 
r e l a t i v e l y  easy t o  f i l l ,  p repare  and i n s t a l l ,  and no "leaksll  
wnre observed dur ing t h e  f i v e  SMTfs. However, be fo re  t h e  1st 
SMT t h e r e  was some concern about t h e  flow and p r e s s u r e  pu l sa -  
t i o n s  produced by the  diaphragm-type feed  pump. Also dur ing 
the f i r s t  f o u r  SMT1s, when t h e  smal l  BF was used,  t h e  p r e s s u r e  
drop across  t h a t  component appeared t o  be excess ive ly  high nea r  
t h e  end of each t e s t .  The diaphragm-type f eed  pump was r e t a i n -  
e d  t o  f a c i l i t a t e  unattended opera t ion  becausg i t s  output  was 
found t o  be l e s s  s e n s i t i v e  t o  small  changes i n  back-pressure  
than a gear - type  pump which was a l s o  eva lua ted ;  i n  a d d i t i o n ,  
a pulsaa ing  flow was considered t o  be a d e s i r a b l e  "extreme" 
t e s t  condi t ion .  A l a r g e r  BF was used dur ing t h e  5 th  SMT. 
- .  
A f t e r  t h e  5 th  SMT was completed a l l  of t h e  f i l t e r s  and 
c a n i s t e r s  used i n  t h a t  t e s t ,  and t h e  smal l  BF and t h e  ACF used 
i n  SMT 14,  were operated a t  d i f f e r e n t  flow r a t e s  t o  determine 
t h e i r  a c t u a l  p res su re  drop c h a r a c t e r i s t i c s .  I A  mercuiy mano- 
1 
meter ,  deionized wa te r ,  a rotameter  and a bench-type s e t - u p  
were used t o  o b t a i n  t h i s  da ta .  Figures 5 ,  6 and 7 present the 
r e s u l t s  of  these  t e s t s .  
Figure  5 i n d i c a t e s  t h a t  t h e  l a r g e  BF has  s u b s t a n t i a l l y  
l e s s  r e s i s t a n c e  t o  flow than t h e  sma l l e r  BF, even though t h e  
l a r g e r  f i l t e r  was onstream f o r  10 i n s t e a d  of 7 days. This  r e -  
s u l t ,  of c o u r s e ,  was a n t i c i p a t e d  because t h e  l a r g e r  BF has more 
l ld i r t "  capac i ty .  In  both cases ,  t h i s  d a t a  must be cons idered  
a s  being the  m i r i m u m  p res su re  drop f o r  t h e  Space S h u t t l e  be-  
cause s e d i m e n t o u n d  i n  the  bottom of t h e  BF housings a f t e r  
each t e s t  - and under we igh t l e s s  cond i t ions  t h e s e  p a r t i c u l a t e s  
would be drawn i n s t e a d  t o  the  f a c e  of  t h e  f i l t e r  c a r t r i d g e  and 
thereby i n c r e a s e  t h e  r a t e  of s u r f a c e  f o u l i n g .  
Figure 6 i n d i c a t e s  t h a t  the  flow r e s i s t a n c e s  of the  AgCl 
column, SMT 1.4 ACF and SMT Y5 ACF a r e  n e g l i g i b l e  - even i f  they 
a r e  "on-strzamtl f o r  38, 7 and 10 days ,  r e s p e c t i v e l y .  The f i n e r  
charcoa l  (20 x 50 mesh), of  course ,  o f f e r s  more r e s i s t a n c e  t o  
flow than the  c o a r s e r  charcoa l  ( 1 2  x 20.-mesh). 
Figure  7 shows t h a t  the  p ressu re  drop a c r o s s  t h e  d e i o n i z e r  
and the  AgBr Column i s  s i g n i f i c a n t  - b u t  n o t  unduly s o  cons ider -  % i 
i ng  the  high flow r a t e s  a n t i c i p a t e d  when water  is  drawn f o r  use .  
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SECTION 5 
GENERAL DISCUSSION 
5.1 Bac te r i a  Challenges 
In  the  f i r s t  fou r  SMT1s, ~ i l * ; ~ r  ions  were r epea ted ly  c h a l -  
lenged with  b a c t e r i a  doses conta in ing  3 + 1 x 109 b a c t e r i a  of 
t h e  type prev ious ly  found i n  s p a c e c r a f t  water  systems. This  
number of b a c t e r i a  upon maximum d i l u t i o n  would provide a  concen- 
t r a t i o n  of 3 x 104 b a c t e r i a  pe r  m l .  A f t e r  exposure t o  s i l v e r  
ions ,  p l a t e  count d a t a  i n d i c a t e d  l e s s  than one v i a b l e  c e l l  p e r  
200 m l .  This decrease  amounts t o  more than a 6 l o g  r educ t ion  
i n  v i a b l e  b a c t e r i a .  Based on the  cha l lenges  conducted on day 4 
of each of these  f o u r  SMT1s, t h e  b a c t e r i a  were k i l l e d  by a  s i n -  
g l e  pass  through the  AgCl Column. Although t h e  breadboard s y s -  
tem was no t  i d e a l l y  s u i t e d  f o r  e s t a b l i s h i n g  exposure time r e -  
quirements,  i t  i s  ev iden t  t h a t  Type I I I a  and t h e  Pseudomonas 
spec ies  were k i l l e d  i n  l e s s  than 4 hours.  
The above performance i s  most remarkable i n  l i g h t  of  t h e  
depressed s i l v e r  ion dose. The depressed s i l v e r  concen t ra t ion  
i s  r e a d i l y  accounted f o r  by the  common ion  e f f e c t  a f fo rded  by 
t h e  8 ppm ch lo r ide  i n  the  s imulant .  Since c h l o r i d e  i s  a  com- 
mon water  contaminant,  any b a c t e r i c i d e  must be capable of  p e r -  
forming in .  t he  presence of c h l o r i d e  ions .  / 
The cha l lenges  c a r r i e d  ou t  on day 7  of SMT t l  through 4 
eva lua ted  the AgBr Column. When t h e  b a c t e r i a  (3  + 1 x l o 9 )  
were i n j e c t e d  s o  t h a t  they were exposed t o  t h e  overn ight  
(20 t o  2 1  hours ) ,  s t e r i l e  product  water  was obta ined .  I n  SMT 
12 and Y3, t h e  i n j e c t e d  b a c t e r i a  were pushed back i n t o  the  de- 
i o n i z e r  where t h e  s i l v e r  ion concen t ra t ion  wpuld be extremely 
smal l  i f  no t  zero.  When product  water  was drawn o f f  20 t o  2 1  
hours a f t e r  i n j e c t i o n ,  t h e  b a c t e r i a  moved r a p i d l y  through t h e  
AgBr Column. In  these  i n s t a n c e s ,  t he  AgBr Column was simply 
overwhelmed. Using t h e  p l a t e  count d a t a  and t h e  t o t a l  volume 
of product  water  (63  l i t e r s ) ,  approximately 107 of the  3 x  l o 9  
b a c t e r i a  i n j  e c t e d  survived AgBr t r ea tmea t .  However, t h i s  appar-  
e n t  reduct ion  in: v i a b l e  b a c t e r i a  cannot be a t t r i b u t e d  e x c l u s i v e -  
l y  t o  t h e  s i l v e r  bromide dose s i n c e  many b a c t e r i a  could have 
been trapped wi th in  t h e  system. 
During SMT t l  through 4 ,  ample oppor tuni ty  e x i s t e d  f o r  con- 
tamination t o  develop i n  the  p o r t i o n  of  the  system downstream 
of t h e  AgBr Column. The labora tory  i n  which t h e  t e s t s  were 
conducted was immediately ad jacen t  t o  t h e  l a b o r a t o r y  wherein an 
I n t e g r a t e d  Water and Waste Management System was being e v a l u a t -  
ed. P r i o r  experience has shown t h a t  unprotected water bac- 
t e r i a  l e v e l  one would expect  i n  a waste management e v a l u a t i o n  
l a b o r a t o r y ,  and t h e  demonstrated ease  wi th  which b a c t e r i a  can 
invade an o u t l e t  v a l v e ,  AgBr would appear t o  have done a c red -  
i t a b l e  job i n  p r o t e c t i n g  t h e  system. Only two i s o l a t e d  ep isodes  
of o u t s i d e  b a c t e r i a  contamination were encountered;  i n  both 
cases  a s i n g l e  sample was involved i n d i c a t i n g  t h a t  the  b a c t e r -  
i a  may we l l  have been int roduced i n t o  the  sample a t  t h e  time 
of a c q u i s i t i o n .  
The l a s t  SMT, using - B. s u b t i l i s  spores ,  p resen ted  a seve re  
chal lenge of the  system. I t  is  c l e a r  from t h e  t e s t  r e s u l t s  
t h a t  t h e  b i o l o g i c a l  f i l t e r  excluded b a c i l l u s  spores  from t h e  
system q u i t e  e f f e c t i v e l y .  I t  i s  a l s o  c l e a r  t h a t  t h e  s i l v e r  
dose r e a l i z e d  wi th  8 ppm c h l o r i d e  was i n e f f e c t i v e  i n  fending 
o f f  the  spores  i n j e c t e d  downstream of t h e  f i l t e r .  In l i g h t  of 
t h i s ,  i t  i s  n o t  s u r p r i s i n g  t h a t  t h e  AgBr dose was incapable  of 
c l e a r i n g  the  o u t l e t  p o r t i o n  of the  system once t h e  spores  pen- 
e t r a t e d  beyond t h e  d e i o n i z e r  and AgBr Column. 
On days 9 and 1 0  of the  l a s t  SMT, the  s i l v e r  dose was e l -  
evated t o  1 . 2  ppm (17 times the  prev ious  s i l v e r  dose) by h e a t -  
ing  the  AgCl Column t o  120 + 20F.  A s  i n d i c a t e d  i n  t h e  t e s t  
r e s u l t s ,  a 4 log reduct ion  ;as r e a l i z e d  i n  four  t o  2 1  hours of 
exposure. The exposure time cannot be f i x e d  beyond t h e  admit- 
t e d l y  broad time span; a d d i t i o n a l  samples and ana lyses  would 
be r equ i red  t o  e s t a b l i s h  an exac t  k i l l  r a t e . ,  The r a t e  of t h e  
mildly  e l e v a t e d  temperature may o r  may n o t  have been s i g n i f i -  
can t  i n  the  k i l l  r a t e  observed. The tempergture involved i s  
w e l l  below the  80 t o  lOOoC temperatures normally used i n  h e a t  
shocking (a  method used t o  cause spore  germinat ioq) .  The h e a t -  
ed water  was accumtllated i n  the  s t o r a g e  tanks;'  t h e  temperature 
of t h e  water  drawn o f f  2 1  hours l a t e r  ranged from 80 t o  900F. 
Thus, t h e  spores were exposed t o  a temperature more conducive 
t o  spore  germination than room temperature.  ' This incubator  
e f f e c t  may have been q u i t e  s i g n i f i c a n t .  In,pny e v e n t ,  t h e  po- 
t e n t i a l  complimentary e f f e c t  of h e a t  i n  t h e  : k i l l - o f f  seen dur- 
i ng  days 9 and 10 cannot be r u l e d  ou t .  
The t e s t  r e s u l t s  sugges t  t h e  need f o r  c e r t a i n  design f e a -  
t u r e s  t o  be incorpora ted  i n t o  the  system. The l i n e  connecting 
t h e  AgBr and ion-exchange columns should be welded t o  t h e  can- 
i s t e r s  s o  t h a t  p o s i t i v e  means a r e  p r o ~ i d e d  t o  e l i m i n a t e  t h ~  
p r o b a b i l i t y  of ou t s ide  b a c t e r i a  e n t e r i n g  t h i s  s e n s i t i v e  segment 
of the  system. I f  spore  forming b a c t e r i a  a r e  regarded a s  a 
r e a l  t h r e a t ,  some means i n  a d d i t i o n  t o  AgBr must be devised t o  
p r o t e c t  t h e  o u t l e t  segment of t h e  system from backward invas ion  
from the  o u t l e t  valves .  Switching o u t l e t  l i n e s  each day from 
cold  water  t o  ho t  water  (1600F) should be e f f e c t i v e .  
5 .2  -. Water Qual i ty  
The problem a r e a s  encountered wi th  product  water  q u a l i t y  
were organic  contamination,  pH, f l u o r i d e  and s i l v e r ;  t h e s e  
problems were r e l a t e d  t o  performance of s p e c i f i c  components. 
Excluding t h e  above, contaminant l e v e l s  were below t h e  most 
s t r i n g e n t  s t andards  f o r  t h e  s p e c i e s  analyzed. 
The o rgan ic  c o n t a m i ~ a t i o n  was due t o  e t h y l e n e  g l y c o l .  
Th is  subs t ance  was d e t e c t e d  by i t s  sweet t a s t e  i n  bo th  t h e  ACP 
e f f l u e n t  and produc t  wa te r .  In  t h e  l a s t  SMT, a  d i f f e r e n t  
brand of cha rcoa l  was used w i t h  on ly  a  s l i g h t  improvement. 
Consu l t a t i on  w i t h  s e v e r a l  major a c t i v a t e d  carbon manufac ture rs  
r e v e a l e d  t h a t  h i g h l y  wa te r  s o l u b l e  low molecu la r  we igh t  o r -  
gan ic s  a r e  n o t  adsorbed t o  any r e a l  e x t e n t  by w a t e r - t y p e  c a r -  ' #  . 
bons. An a c t i v a t e d  carbon,  such  a s  t hose  used i n  gas  adsorb-  
t i o n  systems,  w i th  r a d i c a l l y  d i f f e r e n t  pore  s i z e s  may be u s e -  
f u l ,  b u t  s p e c i f i c  t e s t s  must be performed t o  e v a l u a t e  t h e  s u i t -  
a b i l i t y  o f  such carbons .  P o s i t i v e  means must be  p rov ided  i n  
t h e  f u e l  c e l l  des ign  t o  el imi. ;ate  an chance f o r  e t h y l e n e  g l y -  
c o l  e n t e r i n g  t h e  wa te r  s u p p l i e d  t o  -3 t e  b a c t e r i c i d e  system. 
The remaining wa te r  q u a l i t y  problems a r e  a t t r i b u t a b l e  t o  
t h e  d e i o n i z e r  and t h e  r e s i n s  used.  The problems encounte red ,  
namely removal o f  low ~ t o m i c  weight  s p e c i e s  and r e s i n  d e r i v e d  
o r g a n i c  con tamina t ion ,  a r e  n o t  a n u s w l  f o r  r e s i n  beds .  
In r ega rd  t o  pH, t he  p roduc t  w a t e r  was s o  pu re  t h a t  l i t t l e  
b u f f e r i n g  c a p a b i l i t y  was a v a i l a b l e .  Consequently,  s m a l l  quan- 
t i t i e s  o f  a c i d ,  s p e c i f i c a l l y  h y d r o f l u o r i c ,  produced d r a m a t i c  
s h i f t s  i n  t h e  pH of  t h e  p roduc t  wa te r .  This, conc lus ion  was v e r i -  
f i e d  by t o t a l  a c i d i t y  d e t e r m i n a t i o n s ,  w h i c h ' i n d i c a t e d  t h a t  t h e  
product  wa te r  con ta ined  only  a  sma l l  amount of  " f ree"  a c i d i t y .  
To e l i m i n a t e  t h i s  problem i t  is  n e c e s s a r y  t o  u t i l i z e  an ion-ex-  
change r e s i n  which has  a  h i g h e r  a f f i n i t y  f o r  h y d r o f l u o r i c  a c i d  
t han  t h e  weak base - type  r e s i n  used i n  t h e s e  t e s t s .  
The s i l v e r  i on  dose ob ta ined  from t h e  A d B r  Column was . 
always h ig4  t h e  f i r s t  day of  o p e r a t i o n  and ip some c a s e s  ve ry  
h igh  (0 .32  ppm a s  opposed t o  t h e  . 0 7  ppm expec t ed ) ;  a  d e f i n -  
i t e  downward t r e n d  was e s t a b l i s h e d  w i t h  t i m e  on s t ream.  T h i s  
sugges t s  a  r e s i n  d e r i v e d  contaminant ,  most p robab ly  amines,  
which i n t e r f e r r e d  w i t h  t h e  normal AgBr - Ag+ e q u i l i b r i u m .  Am- 
i n e s  are capab le  o f  i n t e r f e r r i n g  w i t h  t h e  e q u i l i b r i u m  by c h e l a t -  
i n g  s i l v e r  - and a r e  known t o  be  r e l e a s e d  by a n i o n i c  exchanges.  
The res i r . . .  were washed e x t e n s i v e l y  b e f o r e  packing i n  t h e  de ion-  
i z e r .  Hcwever, the s t e r i l i z a t i o n  p rocedure  may have caused 
some r e s i n  deg rada t ion ,  o r  t h e  r e s i n s  were mechanical ly  abused 
by t h e  r a p i d  c o o l  down of  t h e  packed d e i o n i z e r  a f t e r  s t e r i l i z a -  
t i o n .  
S e v e r a l  a t t e m p t s  were made t o  c o r r e c t  t h e  above mentioned 
problems du r ing  t h e  tests .  Ion-exchange c o l ~ ~ m s  were p repa red  
w i t h  i n c r e a s i n g  anion t o  c a t i o n  r e s i n  volume r a t i o s  i n  an a t -  1 
tempt t o  c o r r e c t  a c i d  component l eakage .  The two r e s i n  t ypes  
a l s o  were a l t e r n a t e d  wi th  r e s p e c t  t o  t h e  o u t l e t  t o  e l i m i n a t e  
amine leakage.  A r e s i n  bed was p repa red  w i t h  small a l t e r n a t i n g  
l a y e r s  o f  c a t i o n i c  and a n i o n i c  r e s i n s .  The b e s t  performance 
ob ta ined  was i n  SMT 4 ;  t h e  r e s i n  bed i n  t h i s  t es t  was packed j 
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3 with the  c a t i o n i c  r e s i n  a t  the  o u t l e t  wi th  a 1 . 4  t o  1 r a t i o  of an ionic  t o  c a t i o n i c  r e s i n .  In  t h i s  t e s t ,  t he  i . n i t i a 1  
s i l v e r  concent ra t ion  was the  lowest of  any t e s t e d ,  and t h e  
f l o u r i d e  leakage was acceptab le  (below 1 ppm) - b u t  t h e  DH 
was above 6 f o r  only t h e  f i r s t  two days. 
On the  b a s i s  of the  experience t o  d a t e ,  i t  i s  apparent  
t h a t  s u b s t a n t i a l  improvement i n  D I  performance coz ld  be 
achieved i f  a s t rong  base r e s i n  were used. However, t h e  r e s i n  
must have t h e  high temperature (160 t o  180°F) r e s i s t a n c e  nec-  
e s sa ry  t o  su rv ive  long term exposure t o  p a s t e u r i z a t i o n  temp- 
e r a t u r e s .  In  consu la t ions  wi th  r e s i n  manufacturers,  some a l -  
t e r n a t e  r e s i n s  were recommended f o r  eva lua t ion .  
The problems encountered wi th  the  D I  uni , t  can be solved 
wi th  t h e  r e s i n s  used by i n c r e a s i n g  t h e  a n i o n i c  t o  c a t i o n i c  
r a t i o .  However, t h i s  r a t i o  must be e s t a b l i s h e d  by t e s t  and 
w i l l  probably r e q u i r e  a  l a r g e r  de ion ize r  c a n i s t e r .  The un- 
t r i e d  r e s i n s  recommended by manufacturers ,  a l s o  o f f e r  a poten-  
t i a l  s o l u t i o n .  In  e i t h e r  c a s e ,  f u r t h e r  l a b o r a t o r y  e v a l u a t i o n  a 
of r e s i n s  i s  warranted. 
5.3 Construct ion Ma'erials 
A u s t e n i t i c  s t a i n l e s s  s t e e l ,  s n e c i f i c a l l y  316, i s  t h e  re.- 
commended m a t e r i a l .  Type 304 appeared t u  perform equa l ly  well 
except  i o r  t h e  c a s t  m a t e r i a l .  Titanium can n o t  be r e j e c t e d  on 
the  b a s i s  of the  t e s t s  conducted. This  m a t e r i a l  does o f f e r  
the substant ia l  weight savings over 316 Ss, 3f course,  the 
s u i t a b i l i t y  of t i tanium f o r  use  i n  pure  cryyen envirofinents 
must be resolved.  
The e l a s tomer ic  m a t e r i a l s  t e s t e d  were a l l  q u a l i f i e d  by 
s e a l  and "0" r i n g  manufacturers a s  s u i t a b l e  f o r  use i n  water  
systems. On t h e  b a s i s  of t h e  t e s t s  conducted t h e  fol lowing 
o rde r  of preference  i s  recommended: (1) poly isoprene ,  ( 2 )  
e thylene-propylene,  (3) s i l i c o n e ,  (4)  Yi ton ,  (5) b u t y l  and 
(6)  Buna N .  
5 . 4  Component Design 
The design of the  custom components appaared t o  b e  more 
than acceptab le .  No hardware design d e f i c i e n c i e s  were cn- 
countered.  The p ressu re  drop d a t a  obtained on t h e  c a n i s t e r s  
i n d i c a t e s  a very acceptab le  l e v e l  of  flow r e s i s t a n c e  consid-  
e r i n g  the  nature of the  packed columns. 
The performance of the  s tandard  housing used f o r  t h e  b i o -  
l o g i c a l  f i l t e r s  was less than des i r ed ;  however, t h e  l a r g e  
c a r t r i d g e  o r  f i l t e r  element performed q u i t e  wel l .  A customiz- 
ed housing f o r  the l a r g e  f i l t e r  element should be undertaken. 
The usefu l  l i f e  of the  b i o l o g i c a l  f i l t e r  i s  of course  
dependent on the  l i f e  of the  c a r t r i d g e .  A s  i n d i c a t e d  e a r l i e r ,  
one-g evaluat ion of the  f i l t e r  r e s u l t s  i n  s o l i d s  s e t t l i n g  o u t  
r a t h e r  than being dynamically removed by t h e  f i l t e r  c a r t r i d g e .  
The l a rge  f i l t e r  was on stream f o r  10 days and still i n c u r r e d  
only a  1 . 2  p s i  p ressure  drop, bu t  some s o l i d  m a t e r i a l s  had set- 
t l e d  t o  the bottom of t h e  housing. Consequently, t h e  p o t e n t i a l  
f o r  f i l t e r  plugging i n  zero-g r u s t  be considered.  The system 
should provide f o r  by-passing the  f i l t e r  o r  back f l u s h i n g  t o  
e l imina te  plugging. 
5.5 Flushing Flu id  and Drying Gas 
Between t e s t s  the  system was success ive ly  f lushed  wi th  (1) 
a SO ppm hypochlor i te  s o l u t i o n ,  (2)  deionized  water, .and (3) 
deionized water s a t u r a t e d  wi th  s i l v e r  c h l o r i d e  ions .  Since 
t h i s  procedure did  not  cause any d e l e t e r i o u s  e f f e c t s  it  i s  con- 
cluded t h a t  t h i s  procedure should be acceptab le  f o r  r e f u r b i s h -  
ing the  Space S h u t t l e  po tab le  water  system. 
Both n i t rogen  and oxygen appear t o  be acceptab le  gases  f o r  
p res su r i z ing  and drying t h e  Space S h u t t l e  p o t a b l e  water  system - 
because they a r e  compatible wi th  t h e  recommended c o n s t r u c t i o n  
materials, and they do n o t  a f f e c t  t h e  b a c t e r i c i d a l  e f f i c a c y  of 
s i lve r  ions. 
\ 
APPENDIX "A" 
TENTATIVE WORST-CASE FUEL CELL 
WATER COMPOSITION 
- 
1 
TENTATIVE WORST CASE F m  W m  
Constituent L e  
Total Sol ids 
Total Organics dl00 
Particulates 
Ionic Species 
Cadmium 
Chromium (Hexavalent) 
Copper 
Iron 
Lead 
~anganese  
Mercury 
Nickel 
S i lver  
Zinc 
Selenium 
Magne s iwn 
Potassium 
Sodium 
Cons ti t u e n t  
S u l f a t e  
Level (ppm) 
( 50 
Fluor ide  1.6 
N i t r a t e  0.04 
Titanium 0.2 
Platinum 0.05 
Chloride < 25 
S i l i c a  
Dissolved hydrogen S a t u r a t e d  
A l k a l i n i t y  >30 
Microbiological  
Coliform organisms 
Feca l  co l i forms  
Note 1: The water  composition i s  based on a v a i l a b l e  f u e l  c e l l  
data ,and "Water Qua l i ty  C r i t e r i a "  Report of  t h e  Na- 
t i o n a l  Technical  Advisory Committee t o  t h e  S e c r e t a r y  
of  t h e  I n t e r i o r ,  A p r i l  1, 1968. 
Note 2:  Unlimited means t h a t  p a r t i c l e s  i n  t h i s  s ize range a r e  
n o t  counted; however, any obscur ing of t h e  f i l t e r  
g r i d  l i n e s  s h a l l  be cause f o r  r e j e c t i o n .  
APPENDIX "B" 
COMPONENT PREPARATION PROCEDURES 
Biological F i l t e r  
Activated Carbon . F i l t e r  
Deionizer 
Si lver  Halide Columns 
*., ' ' .* 
. . f .  ' ' .  , 
'b. . *. ' 
PREPARATION PROCEDURE 
BIOLOGICAL FILTER 
The c a r t r i d g e s  i n  these  f i l t e r s  wece c leaned be fo re  use 
t o  remove wa te r - so lub le  manufacturing r e s i d u e s .  The c l e a n -  
ing  procedure cons i s t ed  of m u l t i p l e  e x t r a c t i o n s  i n  b o i l i n g  
deionized water .  In  these  e x t r a c t i o n s  a  c a r t r i d g e  was p laced  
i n  a  metal pan wi th  2 t o  3 l i t e r s  of water  and hea ted  t o  b o i l -  
ing  followed by d ra in ing  and a i r  cool ing of the  c a r t r i d g e .  
These e x t r a c t i o n s  were repea ted  a t  l e a s t  t h r e e  t imes o r  u n t i l  
no v i s i b l e  c o l o r  was d e t e c t a b l e  i n  t h e  hot  water .  The c a r -  
t r i d g e  was then i n s t a l l e d  i n  t h e  housing which i n  t u r n  was 
connected t o  a  deionized (DI) water  source and f lushed  a t  
0.25 t o  0.5 gpm f o r  30 minutes.  The water - laden  f i l t e r  assem- 
b ly  was then allowed t o  s t a n d  i d l e  f o r  30 minutes a f t e r  which 
the  water  i n  the  housing was d ra ined-o f f .  The f l u s h i n g  pro-  
c e s s  was repea ted  u n t i l  the  pH and r e s i s t a n c e  of  t h e  d r a i n i n g s  
were i n  c lose  agreement wi th  t h e  va lues  obta ined  f o r  t h e  DI 
water  used i n  f lush ing .  The f i n a l  s t e p  p repa ra to ry  t o  packing 
wi th  t h e  AgCl g l a s s  bead mixture was steam s t e r i l i z a t i o n  a t  
1150C f o r  15 minutes.  This  s t e r i l i z a t i o n  s t e p  was p r i m a r i l y  
precaut ionary  i n  t h e  event  t h e  inahouse DI .water  system con- 
t a i n e d  v i a b l e  b a c t e r i a .  
6 The f i n a l  s t e p s  inc lude  packing t h e  hollow c a r t r i d g e  
core  wi th  AgC1-glass bead mixture i d e n t i c a l  wi th  t h a t  used 
i n  the  AgCl Column. The mixture  was added wet i n  smal l  quan- 
. ,:+ t i t i e s  whi le  tapping t h e  c a r t r i d g e  bottom aga ins  a  hard s u r -  
.;i p facei water was periodical ly sprayed down the core  t o  a id  i n  
''2 
, - %  ' a  packing. Two d i s c s  of 10 mesh sc reen  were then p laced  on top  
*: of the  mixture followed by a  1 /4- inch  t h i c k  l a y e r  of  pyrex d ::z 
: ;! p wool, and f i n a l l y  another  d i s c  of 10 mesh sc reen .  Next, t he  packed c a r t r i d g e  was i n s t a l l e d  i n  t h e  housing. A f t e r  assem- .. : .? ".
- ..$ b l y ,  t h e  f i l t e r  was again  connected t o  t h e  D I  water  source  
and f lushed  a t  0.25 t o  0.5 gpm u n t i l  the  pH of t h e  f i l t e r  e f -  
f l u e n t  was i d e n t i c a l  t o  t h a t  of t h e  i n f l u e n t .  
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PREPARATION PROCEDURE 
ACTIVATED CARBON FILTER 
Charcoal r e q u i r e s  e x t e n s i v e  washing b e f o r e  use  t o  e l i m i n -  
a t e  wate r  s o l u b l e  subs t ances  which can amount t o  a s  much a s  3% 
of  t h e  d ry  weight  o f  t h e  c h a r c o a l .  These s o l u b l e  s u b s t a n c e s  
a r e  most ly m i n e r a l s  ( p r i m a r i l y  c h l o r i d e  and ca rbona te  s a l t s ) .  
Charcoal can a l s o  c o n t a i n  a  l a r g e  v a r i e t y  o f  u n d e s i r a b l e  metals, 
Charcoal  p r e p a r a t i o n  c o n s i s t e d  o f  ( l ) . t r e a t m e n t  w i t h  d i -  
l u t e  h y d r o c h l o r i c  a c i d  (HCl), ( 2 )  e x t e n s i v e  washing i n  h o t  t a p  
wa te r ,  (3) washing i n  de ion ized  w a t e r ,  and (4) s team s t e r i l i z a -  
t i o n .  The fo l lowing  paragraphs  d e s c r i b e  t h e s e  s t e p s  i n  d e t a i l .  
The purpose of a c i d  a d d i t i o n  i s  t o  n e u t r a l i z e  t h e  a l k a l i n e  
subs tances  i n  c h a r c o a l .  P rev ious  expe r i ence  w i t h  t h e  Barnaby- 
Cheney (B/C) cha rcoa l  had shown t h a t  25 m l  o f  c o n c e n t r a t e d  H C 1  
p e r  pound of cha rcoa l  is  adequate  f o r  n e u t r a l i z a t i o n .  However, 
f o r  t h i s  program, 45 m l  of c o n c e n t r a t e d  H C 1  p e r  pound of  c h a r -  
c o a l  was found t o  be neces sa ry .  
The c h a r c o a l  was f i r s t  mixed w i t h  a  volume of  de ion ized  
wate r  e q u a l  t o  twice  t h e  c h a r c o a l  volume. The a c i d  was added 
s lowly whi le  s t i r r i n g  v i g o r o u s l y .  Addi t ion  of  t h e  a c i d  r e s u l t -  
e d  i n  gas  e v o l u t i o n ,  which g r a d u a l l y  d iminished w i t h  t ime.  A 
major component of  t h i s  gas  i s  hydrogen s u l f i d e  which was r ead -  
i l y  i d e n t i f i e d  by i t s  c h a r a c t e r i s t i c  " ro t t en-egg"  odor .  The 
mixture  was s t i r r e d  f o r  15  - 20 minutes  o r  u n t i l  gas  e v o l u t i o n  
ceased.  The s u p e r n a t a n t  l i q u i d  was then  decan ted  o f f  and t h e  
cha rcoa l  added t o  a  f l o t a t i o n  tower.  
The f l o t a t i o n  tower used i s  a  s t a n d a r d  po lye thy lene  p i p -  
e t t e  washing j a r  which has  a  d iamete r  of  6 - i n c h e s ,  and a  h e i g h t  
of 31- inches .  Wash wa te r  was i n t roduced  through t h e  s i d e  by 
means of  a  3 /8 - inch  bulk-head tube  f i t t i n g  l o c a t e d  approximate-  
l y  one i n c h  from t h e  bottom. A media r e t a i n e r  f a b r i c a t e d  from 
10 and 100 mesh s c r e e n  was mounted approximate ly  t h r e e  i nches  
from t h e  bottom. Wash wa te r  flow r a t e s  o f  1 - 2 gpm expanded 
t h e  cha rcoa l  t o  approximate ly  6 t imes  t h e  s e t t l e d  o r  compacted 
volume, t he reby  p rov id ing  v igorous  mixing w i t h  t h e  incoming 
f r e s h  wash wa te r .  
The a c i d - t r e a t e d  c h a r c o a l  was then washed w i t h  130 t o  1600F 
t a p  wa te r  f o r  20 t o  30 minutes  w i t h  t h e  above f low r a t e .  The 
wa te r  was then tu rned  o f f  and t h e  wate r  w i t h i n  t h e  tower a l lowed 
t o  d r a i n  back through t h e  c h a r c o a l  and ou t  through t h e  wash 
wa te r  i n l e t .  The l a s t  500 m l  o f  t h e  d r a i n i n g s  were measured f o r  
pH and s p e c i f i c  r e s i s t a n c e .  Washing w i t h  t a p  wa te r  was c o n t i n -  
ued u n t i l  t h e  d r a i n i n g s  matched t h e  t a p  wa te r  w i t h  r e s p e c t  t o  
pH and s p e c i f i c  r e s i s t a n c e ,  The above p r o c e s s  was t h e n  r e p e a t e d  
w i t h ,  de ion ized  water of  a t  l e a s t  one megaohm p u r i t y .  
Once t h e  c h a r c o a l  had been washed, it was s team s t e r i l i z e d  
a t  1150C (2SOOF). The t ime a t  s t e r i l i z a t i o n  t empera ture  was 
a d j u s t e d  t o  match t h e  q u a n t i t y  and c o n f i g u r a t i o n  of  t h e  c h a r -  
c o a l .  S a a l l  ba t ches  of  c h a r c o a l  were s t e r i l i z e d  i n  45 minutes  
a t  the  above temperature .  When s t e r i l i z e d  i n  l a r g e  j a r s  o r  
b o t t l e s ,  approximate ly  45 minutes  p e r  pound of c h a r c o a l  was 
r e q u i r e d .  
F i n a l  assembly of  t h e  c a n i s t e r  e n t a i l s  (1 )  l oad ing  o r  pack-  
i n g  of t h e  c h a r c o a l ,  (2) assembly of  media compression and end 
cap ,  and (3) sterilizati~n/decontamination. 
A c l e a n  c a n i s t e r  body was mounted i n  a  r i n g  s t a n d  wi th  
t h e  f i x e d  end cap down. A p i e c e  of  Tygon t u b i n g  was t h e n  con- 
nec t ed  t o  t h e  end cap tub ing  connec tor .  Next,  t h e  s c r e e n  d i s c s  
and pyrex wadding were i n s e r t e d  i n s i d e  t h e  c a n i s t e r  a g a i n s t  t h e  
f i x e d  end cap,  and s e v e r a l  hundred m l  of  de ion ized  wa te r  poured: 
i n t o  t h e  c a n i s t e r  ; t h e  Tygon tub ing  was e l e v a t e d  s u f f i c i e n t l y  
t o  keep the  w a t e r  from d r a i n i q g  ou t  of  t h e  c a n i s t e r .  The c h a r -  
c o a l  was then  added i n  300 t o  400 m l  q u a n t i t i e s  wh i l e  wet .  
With each a d d i t i o n ,  t he  Tygon tub ing  was lowered t o  a l l ow  w a t e r  
t o  d r a i n  o u t  wh i l e  t app ing  t h e  c a n i s t e r / r i n g  s t a n d  assembly 
a g a i n s t  a  ha rd  s u r f a c e .  Packing was con t inued  u n t i l  3000 + 50 
m l  o f  cha rcoa l  was rdded. The c h a r c o a l  was covered by wa te r  a t  
a l l  t imes  t o  p reven t  t h e  i n c l u s i o n  o f  a i r .  The s c r e e n s ,  pyrex 
wadding and s p r i n g  r e t a i n e r  were then  p l aced  on t o p  of  t h e  c h a r -  
c o a l ,  A t  t h i s  p o i n t ,  t h e  s p r i n g  r e t a i n e r  was approximate ly  1 / 2  
i nch  below t h e  edge of  t h e  c a n i s t e r  body, and t h e  s p r i n g  was 
p l aced  i n  p o s i t i o n .  Next, t h e  end cap w i t h  t h e  "0" r i n g  h e l d  
i n  place by a t h i n  c o a t i n g  o f  s i l i c o n e  g rease  was p l a c e d  on t h e  
s p r i n g  - and t h e  end cap f o r c e d  down and h e l d  w h i l e  t h e  "V" 
band was i n s t a l l e d .  
Sterilization/decontamination can be e f f e c t e d  by e i t h e r  
steam s t e r i l i z a t i o n  a s  no t ed  p r e v i o u s l y  o r  long term (18  - 24 
hours)  exposure t o  p a s t e u r i z a t i o n  t empera tu re s .  Because o f  
t h e  s i z e  of t he  c h a r c o a l  c a n i s t e r ,  t h e  l a t t e r  decontaminat ion 
procedure was used.  
The equipment .used f o r  decontaminat ion i s  a s  f o l l o w s :  
(1) a  c o n s t a n t  temperature  wa te r  b a t h  w i t h  a g i t a t o r ,  (2)  a c o i l  
o f  304 SS, 1 /4 - inch  OD t ub ing  w i t h  an e q u i - . a l e n t  l i n e a r  l e n g t h  
of  30 f t . ,  (3)  a washed and s t e r i l i z e d  b i o l o g i c a l  f i l t e r ,  and 
(4)  a  l e n g t b  o f  s team s t e r i l i z e d  s i l i c o n e  tub ing .  The b i o l o g i -  
c a l  f i l t e r ,  s i l i c o n e  tub ing  and coi l  were connected t o g e t h e r  
and steam s t e r i l i z e d  as a  u n i t .  
Decontamination was i n i t i a t e d  by connecting t h e  b i o l o g -  
i c a l  f i l t e r  i n l e t  t o  t h e  deionized water  source ,  and us ing  t h e  
s i l i c o n e  tubing t o  connect t h e  f i l t e r  o u t l e t  wi th  the  c o i l .  
A f t e r  the  connections were made, deionized water  was run 
through the  f i l t e r ,  tubing and c o i l  a t  0.25 t o  0.5 gpm t o  d i s -  
p l ace  any t rapped a i r .  The c o i l  o u t l e t  was connected t o  t h e  
charcoal  c a n i s t e r  i n l e t ;  a l eng th  of f l e x i b l e  tub ing  was then 
connected t o  the  c a n i s t e r  o u t l e t .  The c o i l  and c a n i s t e r  were 
immersed i n  the  water  b a t h ,  and t h e  tubing connected t o  t h e  
c a n i s t e r  o u t l e t  was routed t o  a  convenient  d r a i n .  Deionized 
water  was turned  on and regu la ted  down t o  30 t o  50 ml/min, and 
the  water  ba th  c o n t r o l s  were a d j u s t e d  t o  mainta in  a  temperature 
i n  the  range of 180 t o  ZOOOF. A f t e r  18 t o  2 4  hours exposure,  
t he  c a n i s t e r s  were found t o  be s t e r i l e .  
PREPARATION PROCEDURE 
DEIONIZER COLUMN - 
The r e s i n s  used r e q u i r e  very e x t e n s i v e  p r e p a r a t i o n  t o  
e l i m i n a t e  manufacturing r e s i d u e s  . Prev ious  exper ience  has  i n  - 
d i c a t e d  t h a t  t h e  a s - r e c e i v e d  r e s i n s  are b i o l o g i c a l l y  contamin- 
a t e d  - the reby  r e q u i r i n g  s t e r i l i z a t i o n  and decontaminat ion.  
The fo l lowing  paragraphs  d e s c r i b e  t h e s e  washing and s t e r i ' l i z a -  
t i o n  procedures .  
Each r e s i n  type  was washed s e p a r a t e l y .  The i n i t i a l  s t e ?  
c o n s i s t e d  of m u l t i p l e  e x t r a c t i o n s  i n  b o i l i n g ,  very h igh  q u a i -  
i t y  (2 t o  3 megaohm) de ion ized  wa te r .  In  t h e  above p r o c e s s ,  
a r e s i n  q u a n t i t y  was mixed w i t h  a t  l e a s t  f i v e  volumes of  r a t e r  
i n  a  pyrex g l a s s  beaker  and h e a t e d  t o  b o i l i n g .  The mix ture  
was b o i l e d  f o r  f i v e  t o  t e n  minutes ,  a f t e r  which t h e  c o n t a i n e r  
was removed from the  h e a t  source  and the  r e s i n s  a l lowed t o  s e t -  
t l e .  The s u p e r n a t a n t  l i q u i d  was decan ted -o f f  and f r e s h  de ion -  
i z e d  wa te r  added immediately.  The r e s i n s  were a g a i n  a l lowed 
t o  s e t t l e  and t h e  wate r  decan ted-of f  and f r e s h  d e i o n i z e d  w a t e r  
added aga in .  The above p roces s  was r e p e a t e d  a t  l e a s t  t e n  
t imes  o r  u n t i l  a l l  t r a c e s  of  c o l o r  and t a s t e  were e l i m i n a t e d .  
The manipu la t ive  p rocedures  f o r  packing t h e  d e i o n i z e r  
column were e s s e n t i a l l y  t h e  same a s  t hose  p r e v i o u s l y  d e s c r i b e d  
f o r  c h a r c o a l  packing.  The main requ i rements  were (1 )  c a r e f u l  
measurement of  t h e  r e s i n  volumes added, (2)  adequate  v i b r a t i o n  
of  t h e  c a n i s t e r  du r ing  r e s i n  a d d i t i c n ,  and (5) keeping t h e  
r e s i n s  n o t  on ly  wet b u t  covered by a l a y e r  of  wa te r .  
De ion izer  packing d i f f e r e d  from cha rcoa l  packing i n  t h a t  
** 
. . 
two types  of  m a t e r i a l  were added, and t h a t  a d d i t i o n a l  10 mesh 
.I s c r e e n  d i s c s  a r e  used t o  s e p a r a t e  t h e  d i f f e r e n t  r e s i n s .  S ince  
I t h e r e  a r e  two d i f f e r e n t  m a t e r i a l s ,  t h e r e  was a p r e f e r r e d  o r i e n -  
. - t a t i o n  of t h e  r e s i n  t ypes  w i t h  r e s p e c t  t o  t h e  i n l e t ;  t h e  . 
t s t r o n g  a c i d  type normally was packed a t  t he  i n l e t  end. 
. \ 
Sterilization/decontamination of  t he  d e i o n i z e r  c a n i s t e r  
was c a r r i e d  ou t  a t  l8OOF over  a p e r i o d  of  18  t o  2 4  hours .  The 
a p p a r a t u s ,  p rocedures  and o p e r a t i n g  c o n d i t i o n s  used  were t h e  
same as f o r  t h e  a c t i v a t e d  carbon f i l t e r .  
1;. .. 
1. ( 
PREPARATION PROCEDURE 
, . 
" G 
.. i .. 
. . k  SILVER HALIDE COLUMNS - 1: 
2 . ,  P r e p a r a t i o n  of  t h e  s i l v e r  h a l i d e  media e n t a i l e d  g r i n d i n g  
t h e  "as - rece ived"  s i l v e r  s a l t s ,  s i z i n g  t h e  ground m a t e r i a l  
, 
wi th  s t a n d a r d  s i e v e s ,  washing t h e  g l a s s  beads ,  and f i n a l l y  
mixing the  g l a s s  beads w i t h  t he  grcund s i l v e r  s a l t s  i n  t h e  
4 s p e c i f i e d  1 - 1.25 r a t i o ,  
1 Both AgCl and AgBr ( r e a g e n t  grade)  were ob-tained from 
+: F i s h e r  S c i e n t i f i c .  The "as - received1 '  m a t e r i a l  c s n t a i n s  g ran -  
u l e s  rang ing  from d u s t  s i z e d  p a r t i c l e s  t o  g o l f  b a l l  s i z e d  
lumps. Although Melpar ' s  t e s t s  i n d i c a t e d  t h a t  c a r e f u l  p a r t i c l e  
, - 
. 
s i z i n g  was n o t  r e q u i r e d ,  some degree  of  un i fo rmi ty  i s  d e s i r a b l e .  
. 5  
3 ; 1-7 M a t e r i a l  t h a t  passed  through a  45 mesh (Ty le r )  s c r e e n  was re-  
. ., 
. . 
;i 1 .: j e c t e d  whi le  m a t e r i a l  r e t a i n e d  by a  6 mesh s c r e e n  was reground.  
. .; a 
c. 
..% . . 
The s i l v e r  s a l t s  can be photoreduced and consequent ly  
cgre  was taken n o t  t o  expose them t o  d i r e c t  l i g h t .  The g r i n d -  
. s [ : i n g  and s i z i n g  procedure was done a t  CHEMTRIC under  subdued 
. .$ l i g h t i n g .  
F 
The AgCl s o l i d  i s  somewhat d u c t i l e  and hammering w i t h  a  
. . p e s t i l e  was found t o  be more p roduc t ive  than g r i n d i n g .  The 
9 
. .S 
.. . - 
AgBr s o l i d  was, on t h e  o t h e r  hand, r e a d i l y  ground. 
:> {$\ 
'" J 
'/ ,.. , The g l a s s  beads (450 - 500 microns)  were o b t a i n e d  from 
".. & 
.:$ :,; 2# Sargent-Welch S c i e n t i f i c  under c a t a l o g  number S-61760-30D. 
. , .' $ 
. . The a s - r e c e i v e d  beads were washed i n  a  d i l u t e  aqueous s o l u t i o n  
of l a b o r a t o r y  d e t e r g e n t  (Alconox) followt'd by r i n s i n g  i n  h o t  
- ..F t a p  and de ion ized  wa te r .  The beads were then  added t o  concen- 
r .)Y t r a t e d  chromic a c i d ;  t h e  chromic a c i d  was h e a t e d  t o  b o i l i n g  
and al lowed t o  "simmer" f o r  one hour.  A f t e r  c o o l i n g ,  t h e  g l a s s  
beads were washed i n  de ion ized  wa te r  and d r i e d  i n  a  1030C oven 
ove rn igh t .  
The g l a s s  beads and ground s i l v e r  s a l t s  were b lended  by 
' j  
2 .  
,#. 
weight  i n  t h e  r a t i o  of  1.25 p a r t s  g l a s s  beads t o  one p a r t  s i l -  
v e r  s a l t .  Once t h e  p rope r  p r o p o r t i o n s  were weighed-out ,  t h e  
i n g r e d i e n t s  were added t o  a  common c o n t a i n e r  ( p r e f e r a b l y  g l a s s )  
a long w i t h  a volume of  wa te r  j u s t  equa l  t o  t he  volume of  t h e  
i n g r e d i e n t s .  The i n g r e d i e n t s  were s t i r r e d  manually t o  ach i eve  
uniform d i s t r i b u t i o n  of  g l a s s  beads and s i l v e r  h a l i d e  p a r t i c l e s .  
The packing procedure  f o r  l oad ing  t h e  c a n i s t e r  w i t h  t h e  
above mix ture  was somewhat d i f f e r e n t  from t h a t  used  i n  packing 
c l larcoal  o r  ion-exchange r e s i n s .  The main d i f f e r e n c e  is  t h a t  
t h e  mix ture  was loaded i n t o  t h e  c a n i s t e r  w i thou t  exces:  wa te r .  
I f  t h e  c a n i s t e r  con ta ined  w a t e r ,  t h e  s i l v e r  h a l i d e  p a r t i c l e s  
and g l a s s  beads would s e t t l e  t o  t h e  bottom a t  d i f f e r e n t  r a t e s ,  
the reby  2rodtlcing s t r a t i f i c a t i o n .  The mix ture  was added il. 
50 t o  100 m l  increments  wh i l e  t app ing  t h e  c a n i s t e r  o u t l e t  
a g a i n s t  a  ha rd  s u r f a c e .  
When t h e  packing and assembly were complete ,  t h e  c a n i s -  
t e r  was connected t o  a  de ion ized  wa te r  sou rce  and f l u s h e d  a t  
0.5 t o  1 . 0  gpm f o r  5  t o  10 minutes .  The e f f l u e n t  was ana lyz -  
e d  f o r  s i l v e r  c o n t e n t  and t u r b i d i t y ,  t o  i n s u r e  t h a t  t h e  col-  
umn s a t v ~ a t e d  t h e  w a t e r  w i t h  s i l v e r  i o n s ,  and no " f ines"  were 
escap ing .  
APPENDIX C 
SUMMARY OF DAILY WATER 
ANALYSES 
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APPENDIX D 
SUMMARY OF DETAILED 
PRODUCT WATER ANALYSES ON 
SELECTED TEST DAYS 
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